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PREFACE. 

This  volume  is  intended  not  only  to  commemorate  the  Decen- 
nial AnniTersarj  of  Clark  University,  but  also  to  make  the  Public 
acqu^ted  vdth  its  aims  and  ideals,  and  with  the  character,  scope, 
and  amount  of  the  work  it  has  already  done.  Ever  since  it 
opened  its  doors  to  students  it  has  confined  itself  to  truly  post- 
graduate work  in  a  few  departments,  and  has  admitted  such 
students  only  as  gave  promise  of  the  ability  not  only  to  pursue 
the  courses  here  offered  with  advuitage  to  themselves,  but  to 
benefit  the  world  by  advancmg  science  along  the  lines  here  repre- 
sented. It  has  thus  taken  a  distinct  position  as  a  training  school 
for  college  professors  and  scientific  investigators.  Such  a  policy 
is  conducive  neither  to  large  numbers  of  students  nor  to  popular 
appreciation.  But,  small  as  the  university  is  and  few  as  are  its 
departments,  it  takes  great  satisfaction  in  pointing  to  this  volume 
as,  in  some  sense,  a  record  of  its  work  and  its  methods.  The 
list  of  titles  of  the  publications  of  its  past  and  present  members 
is  a  witness  of  the  quality  and  quantity  of  what  it  has  accom- 
plished. We  believe  that  Clark  University,  opening,  as  it  did, 
at  the  beginning  of  a  new  university  epoch  in  this  cpuntry,  has 
had  some  special  influence  in  suggesting  new  lines  of  scientific 
research. 

The  five  foreign  professors  who  took  part  in  the  Decennial 
Celebration  were  selected  as  the  most  eminent  available  scientific 
men  in  their  respective  lines  in  Europe ;  this  was  the  first  visit  of 
each  to  America,  and  four  of  them  came  here  solely  for  this  anni- 
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versary.  Their  lectures  are  here  reproduced  in  extenso  and  have 
not  been  published  elsewhere.  The  lectures  of  Professora  Pieard 
and  Boltzmann  are  given  in  the  languages  in  which  they  were 
delivered,  and  those  of  Professors  Bam6n  y  Cajal,  Mosao,  and 
Forel  in  translations  made  by  members  of  the  Faculty  and  revised 
by  representatives  of  the  departments  to  which  they  severally 
belong.  For  these  laborious  services  the  editors  desire  to  extend 
their  very  particular  thanks  to  the  individuals  who  have  rendered 
them. 

The  reports  of  departments  were  prepared  especially  for  this 
occasion,  and  include  not  only  an  account  of  the  work  actually 
done  during  the  decade,  but  also  a  statement  by  the  officer  in 
charge  of  each  department  of  its  aims  and  ideals  and  the  lines 
along  which  it  hopes  to  advance.  The  responsibility  for  the 
content  and  form  of  each  report  rests  with  the  individual  in 
■whose  name  it  is  published ;  all  modifications  by  (iie  editors  hav- 
ing been  made  in  the  form  of  suggestions  to  the  writers  and 
adopted  only  with  their  consent.  It  is  perhaps  unnecessaiy  to 
say  that  no  attempt  has  been  made  to  secure  uniformity  in  the 
Tarioua  articles,  excepting  in  the  titles  and  in  minor  details  of 
arrangement. 

The  editors  extend  their  hearty  thanks  to  the  authors  of  the 
sever^  portions  of  the  volume  for  their  cordial  cooperation  and 
for  the  friendly  spirit  in  which  suggestions  have  been  received, 
and  to  all  members  of  the  Faculty  for  assistance  in  reading  the 


WILLIAM  E.  STORY, 
LOUIS  N.  WILSON, 

SdUon. 
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HISTORICAL  SKETCH. 

Clabk  UsiVBASiTr  was  founded  by  the  munificence  of  Jonas  G.  Clark, 
a  native  of  Worcester  County,  whose  plans,  conceived  more  than  twenty 
years  before,  had  gradually  grown  with  his  fortune.  Hia  affairs  had  been 
so  arranged  as  to  allow  long  intervals  for  travel  and  study.  During 
eight  years  thus  spent,  the  leading  foreign  institutions  of  learning,  old 
and  new,  were  visited,  and  their  records  gathered  and  read.  These 
studies  centred  about  the  means  by  which  the  highest  culture  of  one 
generation  is  best  transmitted  to  the  ablest  youths  of  the  next,  and 
especially  about  the  external  conditions  most  favorable  for  increasii^ 
the  sum  of  himian  knowledge.  To  the  improvement  of  these  means  and 
the  enlargement  of  these  conditions,  the  new  University  was  devoted. 

It  was  the  strong  and  express  desire  of  the  founder  that  the  highest 
possible  academic  standards  be  here  forever  maintuned ;  that  special 
opportunities  and  inducements  be  offered  to  research  ;  that  to  this  end  the 
instructors  be  not  overburdened  with  teaching  and  examinations  ;  that 
all  available  experience,  both  of  older  countries  and  our  own,  be  freely 
utilized ;  and  that  new  measures,  and  even  innovations,  if  really  helpful 
to  the  highest  needs  of  modem  science  and  culture,  be  no  less  freely 
adopted  ;  in  fine,  that  the  great  opporttinities  of  a  new  foundation  in  this 
land  and  age  be  diligently  ex^ored  and  improved. 

He  chose  Worcester  as  the  seat  of  the  new  foundation  after  mature 
deliberation,  —  first, 

Beoaose  ite  location  is  central  among  the  best  colleges  of  the  East,  and 
by  supplementing  rather  than  duplicating  their  work,  he  hoped  to  ad- 
vance all  their  interests  and  to  secure  their  good  will  and  active  support, 
that  tc^ther  they  might  take  further  steps  in  the  development  of 
superior  education  in  New  England ;   and  secondly, 

Because  he  believed  the  culture  of  this  city  would  insure  that  en- 
lightened public  opinion  indispensable  in  maintaining  these  educational 
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standards  at  their  highest,  and  that  its  wealth  would  insure  the  perpetual 
increase  of  revenue  required  by  the  rapid  progress  of  science. 

As  the  first  positive  step  toward  the  realization  of  these  long-formed 
plans,  Mr.    Clark  invited  the  following  gentlemen  to  constitute  with 
himself  a  Board  of  Trustees :  — 
Stephen  SAiiissuBT,  A.B.,  Harvard,  1856;  ITniveraities  of  Paris  and  Berlin, 

1856-68;  LL.B.,  Harvard,  1861;  President  Antdquarian  Society  since  1887; 

State  Senator,  1892-95. 
Chableb  Devehs,  A.B.,  Harvard,  1838 ;  LL.B.,  Harvard,  1840 ;  Major-Oeneral, 

1863 ;   Associate  Justice  of  the  Massachusetts   Superior  Court,  1867-73 ; 

Associate  Justice  of  the  MassachnBetts  Supreme  Judicial  Court,  1873-77, 

and  again,  1881-91;    Attomey-Oeneral  of  the  United  States,   1877-81; 

LL.D.,  Columbia  and  Harvard,  1877;  Died  January  7,  1891. 
Gbomb  F.  Hoas,  A.B.,  Harvard,  1846 ;  LL.R,  Harvard,  1849 ;  United  States 

House  of  Eepresentatives,  1869-77;  Member  Electoral  Commission,  1876; 

United  States  Senate  since  1877 ;  Chaiimau  of  Judiciary  Committee,  1891 — ; 

LL.D.,  William  and  Mary,  Amherst,  Harvard,  and  Yale. 
'William  W.  Bice,  A.B.,  Bowdom,  1846;  admitted  to  Bar,  1864;  United  States 

House  (rf  Representatives,  1876-86 ;  LL.D.,  Bowdoin,  1886.    Died  March  1, 

1896. 
Joseph  Sabobkt,  A.B.,  Harvard,  1834 ;  M.D.,  Harvard,  1837 ;  Loudon  and  Paris 

Hospitals,  1838-40.    Died  October  13, 1888. 
John  D.  Wasububn,  A.B.,  Harvard,  1853;  LL.B.,  Harvard,  1856;  Bepresenta- 

tive,  1876-79;  State  Senate,  1884;  United  States  Minister  to  Switzerland, 

1889-92. 
Fbakx  p.  GottLDiNO,  A.B.,  Dartmouth,  1863;  Harvard  Law  School,  1866; 

City  Solioitor,  1881-93. 
Q-EOBGE  Swan,  A.B.,  Amherst,  1847;  admitted  to  Bar,  1848;   Member  of 

Worcester  School  Board,  1879-90;  Chairman  of  High  School  Committee, 

1887-90. 

The  following  gentlemen  have  been  added  to  the  Board  since  to  fill 
vacancies  caused  by  death.  In  place  of  Dr.  Sargent :  — 
Edwabd  Cowles,  A.B.,  Dartmouth,  1859;  M.D.,  Dartmouth,  1862,  and  Col- 
lege of  Physicians  and  Surgeons,  N.  T.,  1863 ;  Assistant  Surgeon,  U.  S.  A., 
1863-72;  Besident  Physician  and  Superintendent  Boston  City  Hospital, 
1872-79;  Medical  Superintendent  McLean  Asylum  since  1879;  Professor  of 
Mental  Diseases,  Dartmouth  Medical  School,  since  1885 ;  Clinical  Instructor 
in  Mental  Diseases,  Harvard  Medical  Sdiool,  since  1888. 

In  place  of  General  Devens: 
Thouab  H.  Gaoe,  MD,,  Harvard,  1852;   President  Massachusetts  Medical 
Society,  1886-88. 
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On  petition  of  this  Boards  the  Legislature  passed  the  follo'wmg 

Act  of  Inookpokatioit.     Chajteb  133. 


OOKMOirWKALTH  OJT  HASSAGHUSBTTB,  TS  THE  ZSAS  ONB  IHOUSAin)  EIQHT  BUK* 
CaSD  ASD  SiaaTT-SETSN.  AJT  ACT  TO  INOOBPO&ATE  THB  TBUSTKXS  OP 
CI.ABK   UlflTBBSITY  IN   WOBCESTBB. 

Be  it  enacted  by  the  Senate  and  Hooae  of  Bepresentatives  in  General  Court 
assembled,  and  by  authority  of  the  same,  as  follows :  — 

Section  1.  Jonas  G-.  Clark,  Stephen  Salisbxuy,  Charles  Deyens,  George  F. 
Hoar,  William  W.  Rice,  Joseph  Sargent,  John  D.  Waahbnm,  Frank  P.  Gould- 
ing  and  Geoi^  Swan,  all  of  the  city  of  Worcester,  in  the  Commonwealth  of 
Massachusetts,  and  their  successors,  are  hereby  made  a  corporation  by  the  name 
of  the  Trostees  of  Clark  University,  to  be  located  in  said  Worcester,  foi  the 
purpose  of  establishing  and  maintaining  in  said  city  of  Worcester  an  institu- 
tion for  the  promotion  of  education  and  inreatigation  in  science,  literature  and 
art,  to  be  called  Clark  Unirersity. 

Section  2.  Said  corporation  may  receive  and  hold  real  or  personal  estate 
by  gift,  grant,  devise,  bequest  or  otherwise,  for  the  purpose  aforesaid,  uid  shall 
have  all  the  rights,  privileges,  immunities,  and  powers,  including  the  conferring 
of  degrees,  which  similar  incorporated  institutions  have  in  this  Commonwealth. 

Section  3.  Said  corporation  shall  have  the  power,  to  o^anize  said  TJniver- 
ntj  in  all  its  departments,  to  manage  and  control  the  same,  to  appoint  its 
officers,  who  shall  not  be  members  of  said  corporation,  and  to  fix  their  com- 
pensation and  their  tenure  of  office ;  and  said  corporation  may  provide  for  the 
appointment  of  an  advisory  board  and  for  the  election  by  the  Alumni  of  said 
University  to  fill  any  vacancies  in  said  board. 

SscnTON  4.  The  number  of  members  of  said  corporation  shall  not  be  less 
Uum  seven  nor  more  than  nine,  and  any  vacancy  therein  may  be  filled  by  the 
renuuning  members  at  a  meeting  duly  called  and  notified  therefor ;  and  when  any 
member  thereof  shall,  by  reason  of  infirmity  or  otherwise,  become  incapable,  in 
the  judgment  of  the  remaining  members,  of  discharging  the  duties  of  his  office, 
or  shall  neglect  or  refuse  to  perform  the  same,  he  may  be  removed  and  another 
be  elected  to  fill  his  place,  by  the  remaining  members,  at  a  meeldng  duly  called 
and  notified  for  that  purpose. 

Section  5.    This  Act  shall  take  effect  upon  its  passa^. 

House  of  Representatives,  March  30, 1887,  Passed  to  be  Enacted. 

Chablbs  J.  Notes,  Speaker. 

Senate,  March  31, 1887,  Passed  to  be  Enacted. 

Halsby  J.  BoAEDMAN,  President. 

Daring  the  previous  five  years,  Mr.  Clark  had  gradually  acquired  a 
tract  of  land*  comprising  over  eight  acres,  located  on  Main  Street,  about 
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a  mile  from  the  heart  of  the  city,  with  additional  tracts  near  by.  This 
land  has  considerable  elevation  aboTe  that  part  of  the  city,  is  a  watershed 
sloping  to  the  southeast,  insuring  sanitary  excellence  and  a  wide  and 
picturesque  Tiew.  A  park  reservation  of  about  25  acres,  directly  oppo- 
site, has  been  set  apart  by  the  city,  and  named  University  Park. 

Plans  for  a  main  building  were  submitted  to  the  Board  by  Mr.  Clark, 
which  were  approved,  and  its  erection  was  at  once  begun.  The  comer- 
stone  was  laid  with  impressiTe  ceremonies,  October  22, 1887.  This  build- 
ing is  plain,  substantial,  and  well  appointed,  204  x  114  feet,  four  stories  high 
and  five  in  the  centre,  with  superior  facilities  for  heating,  lighting,  and 
ventilation,  and  has  been  constructed  of  brick  and  granite,  and  finished 
throughout  in  oak.  On  the  whole  it  is  a  model  of  stability  and  solid  work- 
manship. It  contains  a  total  of  90  rooms,  and  in  it«  tower  is  a  clock  with 
three  six-foot  illuminated  dials,  which  was  presented  by  the  citizens  of 
Worcester.  The  elevations  and  ground  plan  are  published,  and  the  heat- 
ing, lighting,  ventilation,  walls,  floors,  etc.,  etc.,  are  described  in  detail 
in  the  Tha-d  (^dal  Armounatment, 

On  April  3,  1888,  G.  StanIiET  Hall.,  then  a  professor  at  Johns 
Hopkins  University,  was  invited  to  the  presidency.  The  ofiScial  letter 
conveying  the  invitation  to  the  president  contained  the  following  well-con- 
sidered and  significant  expression  of  the  spirit  animating  the  trustees :  — 

"  They  desire  to  impose  on  you  no  trammels ;  they  haye  no  frienda  for  whom 
they  wish  to  provide  at  the  expense  of  the  interests  of  the  institution ;  no  pet 
theories  to  press  upon  yon  in  derogation  of  your  judgment;  no  sectarian  tests 
to  apply ;  no  guarantees  to  require,  save  such  as  are  implied  by  your  acceptance 
of  this  trust.  Their  single  desire  is  to  fit  men  for  the  highest  duties  of  life, 
and  to  that  end,  that  this  institution,  in  whatever  branches  of  sound  learning 
it  may  find  itself  ei^aged,  may  be  a  leader  and  a  li^t." 

This  invitation  was  accepted  May  1,  and  the  president  was  at  once 
granted  one  year's  leave  of  absence,  with  full  salary,  to  visit  universities 
in  Europe.  This  year  was  diligently  improved  in  gathering  educational 
literature  and  collecting  information  and  advice  from  leading  authorities. 
Many  reports  based  upon  this  work  have  already  been  made  in  the  Peda- 
gogical Seminary  and  more  are  in  coarse  of  preparation. 

During  the  absence  of  the  president  a  Chemical  Laboratory  was  begun. 
This  building  in  its  nuun  body  has  three  stories,  in  its  eastern  wing  four, 
in  its  southwestern  two.  It  contains  68  rooms.  The  outer  waUs  are 
2  feet  in  thickness  and  the  partition  walls  from  12  to  16  inches.    All  par- 
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I  are  of  brick,  bo  that  the  building  is  nearly  fireproof.  The  two 
laige  laboratories  are  24x58  feet  and  22  feet  high.  This  bmldiug  is 
also  described  with  plans  in  the  ITiird  Official  AtmomieemerU. 

The  opening  exercises  were  held  in  a  hall  of  the  University,  seating 
1600  people,  on  Wednesday,  October  2, 1889.  The  late  General  Charles 
Derens  presided,  and  made  an  opening  address.  Addresses  were  made 
by  Senator  George  F.  Hoar  and  the  president.  The  founder  of  the 
University  stated  his  purpose  as  follows :  — 

"  When  we  fLrst  entered  upon  our  work  it  was  with  a  well-defined  plan  and 
pnrpoee,  in  which  plan  and  pnrpoBe  we  have  steadily  persevered,  taming 
neither  to  the  right  nor  to  the  left.  We  have  wrought  upon  no  vagae  conoep- 
tioDS  nor  snfiered  ourselves  to  be  borne  upon  the  fiuctaating  and  unstable 
current  of  public  opinion  or  public  suggestions.  We  started  upon  our  career 
with  the  determinate  view  of  giving  to  the  public  all  the  benefits  and  advan- 
tages of  a  university,  comprehenditig  full  well  what  that  implies,  and  feeling 
tite  full  force  of  the  general  underatanding,  that  a  uuiversity  must,  to  a  large 
d^ree,  be  a  creation  of  time  and  experience.  We  have,  however,  boldly 
aaaumed  as  the  foundation  of  our  institution  the  prindplea,  the  tests,  and  the 
resptmsibilities  of  universities  as  they  are  everywhere  reo<%nized — but  with- 
out making  any  claim  for  the  prestige  or  flavor  which  age  imparts  to  all  things. 
It  bas  therefore  been  oar  porpose  to  lay  oor  foundation  broad  and  strong  and 
deep.  In  tliis  we  must  necessarily  lack  the  simple  element  of  years.  We 
have  what  we  believe  to  be  more  valuable — the  vast  stoiehouBe  of  the  knowl- 
edge and  learning  which  has  been  accumulating  for  the  centuries  that  have 
gone  before  us,  availing  onrselves  of  the  privil^e  of  drawing  from  this  source, 
open  to  all  alike.  We  propose  to  go  on  to  further  and  higher  achievements. 
We  propose  to  put  into  the  hands  of  those  who  are  members  of  the  University, 
engaged  in  its  several  departments,  every  facility  which  money  can  command 
—  to  the  extent  of  our  ability  —  in  the  way  of  apparatus  and  appliances  that 
can  in  any  way  promote  our  object  in  this  direction.  To  our  present  depart- 
ments we  propose  to  add  others  from  tame  to  time,  as  our  means  shall  wamnt 
and  the  exigencies  of  the  University  shall  seem  to  demand,  always  takii^  those 
first  whose  domain  lies  nearest  to  those  already  established,  until  the  full 
scope  and  purpose  of  the  University  shall  have  been  accomplished. 

"  These  benefits  and  advantages  thus  briefly  outlined,  we  propose  placing  at 
the  service  of  those  who  from  time  to  time  seek,  in  good  Mth  and  honesty  of 
purpose,  to  pursue  the  study  of  science  in  its  purity,  and  to  engage  in  scientific 
research  and  investigation  —  to  such  they  are  offered  as  far  as  possible  free 
from  all  trammels  and  hindrances,  without  any  religious,  political,  or  social 
tests.  All  that  will  be  required  of  any  applicant  will  be  evidence,  disclosed 
by  examinatdons  or  otherwise,  that  his  attunments  are  such  as  to  qualify  him 
for  the  position  that  he  seeks." 
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After  careful  consideratiou  it  was  decided  to  begin  with  graduate 
work  only  and  in  the  followii^  five  departments : 
L   Uathematics. 
U.  Phybics,  Experimental  and  Theoretical. 

m.  Chbhistst,  Organic,  Inorganic,  Physical,  and  Crystallography. 
TV. '  BioLOOT,  including  Anatomy,  Physiology,  and  Paleontology. 
V.  PsTOHOLooY,  including  Neurology,  Anthropology,  and  Education. 

Mathematics  is  sometimes  called  the  queen  of  all  the  sciences.  As 
the  latter  become  exact,  they  approximate  it,  and  are  fructified  by  its 
spirit  and  its  methods.  Its  antiquity,  its  disciplinary  value.  Its  rapid 
and  recent  development,  make  it  obviously  indispensable.  Physios  is 
the  field  of  the  most  immediate  application  of  mathematics,  and  deals 
with  the  fundamental  forces  of  the  material  universe, — heat,  sound, 
light,  electricity,  —  and  the  underlying  problems  of  form  and  motion 
generally,  with  their  vast  field  of  application  in  such  sciences  as  astronomy 
and  dynamic  geology.  Chemistry,  with  its  great  and  sudden  development, 
revealing  marvellous  order  and  harmony  in  the  constitution  of  matter, 
is  rapidly  extending  ita  dominion  over  industrial  processes.  Biology, 
which  seeks  to  fathom  the  laws  of  life,  death,  reproduction,  and  disease, 
that  underlies  all  the  medical  sciences,  in  its  broader  aspects  has  taught 
man  in  recent  decades  far  more  concerning  his  origin  and  nature  than  all 
that  was  known  before.  Psychology,  or  the  study  of  man's  faculties 
and  their  education,  is  a  new  field  into  which  all  the  sciences  are  bringing 
so  many  of  their  richest  and  best  ideas,  which  is  now  so  full  of  promise 
for  the  life  of  man. 

A  sub-department  of  Education  was  established  in  1892,  and  the 
department  of  Chemistry  was  temporarily  discontinued  in  1894. 

To  express  more  explicitly  the  character  and  policy  of  the  institution, 
the  Trustees  voted  to  approve  and  publish  the  following  statement :  — 

"As  the  work  of  the  University  increases,  its  settled  policy  shall  be  always 
to  first  streugthen  departmente  alieady  established,  until  they  are  as  thorough, 
as  advanced,  as  special,  and  as  efficient  as  possible,  before  proceedii^  to  the 
establishment  of  new  ones. 

"When  this  is  done  and  new  departments  are  established,  those  shall  always 
be  chosen  first  which  are  scientifically  most  closely  related  to  departments 
already  established ;  that  the  body  of  sciences  here  represented  may  be  kept 
vigorous  and  compact,  and  tiiat  the  strength  of  the  University  may  always 
rest,  not  upon  the  number  of  subjects,  nor  the  breadth  or  length  of  its  cur- 
riculum, but  upon  its  thoroughness  and  its  unity. 
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« This  shall  in  do  -wise  hinder  the  estftblishment,  b;  oUbei  donors  than  tlie 
founder,  of  other  and  more  independent  departments  i£  approved  b^  the 
Tmatees. 

"  While  ability  in  teaching  shall  be  held  of  great  importance,  the  leading 
oonsideratioQ  in  all  engi^ements,  reappointments,  and  promotions  shall  be  the 
quality  and  quantity  of  sncoeasful  investigation." 

By  thus  limiting  the  work  of  the  UniTersity  in  the  beginning  to 
five  deparbnents,  it  appeals  only  to  ad-vanced  men  who  desire  to  specialize 
in  one  or  more  of  these  fundamental  sciences,  leaving  college  students 
who  require  a  larger  range  of  studies,  as  well  as  those  who  desire  to 
devote  themselves  to  language  and  literature,  historical,  technical,  or  pro- 
fessional studies,  to  go  elsewhere.  Hence  our  work  must  be  post- 
graduate. This  requires  the  best  professors  and  apparatus,  more  books 
and  journals,  and  necessitates  a  system  of  fellowships,  scholarships,  and 
provisions  for  original  research.  It  thus  becomes  a  training-school  for 
professors.  This  is  the  most  expensive  of  all  educational  work,  seeks 
the  fewest  but  the  best  men  from  the  widest  area,  and  to  succeed  must 
be  helpful  in  elevating  the  academic  standards  of  the  country  to  a  higher 
plane.  It  requires  the  highest  degree  of  wisdom  and  foresight  on  the 
part  of  the  Founder  and  the  Trustees,  and  possibly  some  sacrifices  of 
local  sympathy  and  support  at  first,  till  the  nature  of  the  work  is  well 
understood.  It  requires  the  greatest  effort  and  devotion  to  work  on 
the  part  of  the  Faculty  and  students.  But  the  cause  is  itself  an  inspira- 
tion. It  appeals  to  the  future,  the  country,  and  to  the  world,  and  seeks 
quality  more  than  numbers.  It  is  in  the  current  of  all  the  best  tenden- 
cies in  the  best  lands,  and  is  now  the  ideal  of  perhaps  every  eminent 
man  of  science  everywhere.  The  inauguration  and  steady  maintenance 
of  tiuB  clear  and  simple  policy  gives  the  University  a  reason  for  being, 
and  a  distinct  individuality  it  could  not  otherwise  have,  and  also  a  real 
leadership  in  ttus  epoch  of  awakening  and  transition,  which  is  the  golden 
time  of  opportunity  for  new  institntions,  and  brings  them  to  the  front. 
Such  a  period  as  the  present  gives  the  latter  even  greater  relative  influ- 
ence and  prominence  than  would  be  possible  in  periods  of  less  public 
interest  in  education.  New  institutions  can  and  should  lead,  set  new 
fashions,  and  be  the  first  upon  the  higher  phmes.  Older  institutions 
are  retarded  by  conservatism  and  must  advance  more  slowly,  but 
when  they  move  they  carry  great  momentum.  This  condition  makes 
the  present  a  moment  of  perhaps  unprecedented  opportunity,  which 
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has  been  long  looked  for  and  long  delayed,  and  which  renders 
both  funds  and  labor  in  this  field  more  precious  than  they  have 
been,  or  will  be  when  it  is  past.  We  may  all  be  content  if  our  Uni- 
veraity  can  transmit  to  future  generations  by  means  of  its  organization, 
plan,  and  methods  the  best  and  highest  educational  tendencies  and  move- 
ments now  stirring  the  souls  of  the  best  men  of  the  world,  and  uniting 
men  of  all  lands,  races,  creeds,  and  stations  in  a  larger  if  not  also  a  deeper 
consensus  of  belief  than  history  has  ever  known  before. 

Our  University  does  not  draw  ito  chief  earnings  from,  or  do  most  of 
its  teaching  for,  undergraduates,  and  our  so-called  graduate  students  do 
not  take  undei^radoato  courses.  This  makes  the  proportion  of  expendi- 
ture to  income  very  high  here,  and  indeed  we  can  admit  and  do  justice 
to  but  comparatively  few  stQdeuts.  Most  of  those  who  come  here  have 
spent  one  or  more  years  after  graduation  in  teaching,  or  in  study  in 
Europe  or  elsewhere.  Most  of  those  who  have  been  members  here  have 
already  obtained  professorships  or  other  academic  positions  elsewhere. 
The  proportion  of  such  is  hardly  excelled  by  the  ^eole  NormaU  of  Paris, 
the  special  function  of  which  is  to  train  professors  from  other  collegiate 
institutions.  Every  student  who  obtains  original  results  is  expected  to 
present  them  in  the  form  of  lectures  to  his  department,  and  thus  to 
acquire  experience  in  teaching  under  oriticium.  The  work  of  the  educa- 
tional depari^ment  deals  with  problems  and  history  of  higher  educational 
institutions,  and  is  adapted  to  all  the  body  of  fellows  and  scholars,  and 
seeks  to  increase  the  efficiency  of  every  man  both  as  a  teacher  of  his  own 
specialty  and  in  general  helpfulness  to  the  institution  with  which  he  is  to 
be  connected. 

Since  the  opening  of  the  University  not  less  than  five  hundred  books, 
memoirs,  theses,  or  articles '  have  been  published  by  members  of  the  Uni- 
versity, which  attempt  to  make  additions  to  the  sum  of  human  knowledge. 
These  contributions  are  of  very  different  orders  of  value,  but  together  they 
constitute  a  body  of  knowledge  in  which  the  institution  takes  special  pride. 
Every  member  of  the  University  is  expected  to  make  at  least  one  long  and 
serious  effort  of  this  kind.  Indeed,  had  its  publications  no  value  as  contri- 
butions to  knowledge,  ite  edn<Jational  value  is  the  highest  for  mature  men. 
Such  effort  gets  minds  into  independent  action,  gives  a  sense  of  authorilT' 
and  of  tme  mental  freedom,  which  no  amount  of  acquisition  can  bring.  It 
brings  out  new  powers  of  mind  and  of  will,  and,  while  one  of  the  chief 
1 A  llat  of  UuM  pnbUcktioiu  will  be  found  at  tlw  end  of  tfaii  vtdome. 
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marks  by  which  true  UniTersity  work  \b  distinguiBhed  from  that  of  lower 
grades,  is  in  the  line  of  all  present  tendencies  to  place  doing  above  know- 
ing from  the  kindergaxten  up.  Work  that  is  published  enlarges  the 
sphere  of  interests  of  the  author,  subjects  him  to  the  higher  test  of  being 
judged  by  his  peers  elsewhere,  and  brings  in  the  potent  and  salutary 
stimulus  of  wider  competition.  This  baptism  of  ink  has  often  marked  a 
new  birth  of  ideab  and  abUity  in  young  men.  Modem  as  distinct  from 
earlier  culture  culminates  in  the  man-making  training  of  will  and  judg- 
ment thus  given.  Such  work,  too,  gives  teaching  a  new  power  and  zest. 
Instruction  to  a  £t  few  by  an  investigator  who  stands  on  the  frontier  and 
baa  once  felt  the  light  and  heat  in  which  discovery  is  wrought  out  is 
inspiring,  and  is  very  different  from  information  imparted  at  lower  levels 
by  teachers  further  removed  from  the  work  of  discovery  and  creation. 

Clark  University  is  exclusively  what  is  called  in  Europe  a  Philo- 
sophical Faculty,  or  a  part  of  one  so  far  as  yet  developed,  devoted  to  a 
group  of  the  purt  toieneet  which  underlie  technology  and  medicine,  but 
does  not  yet  apply  its  work  to  these  professional  fields.  These  or  a 
college  course  could  be  added  with  relatively  less  expense.  Our 
method  has  brought  us  face  to  face  with  many  new  problems.  Oar 
efforts  at  solving  some  of  these  are  described  in  the  department  reports 
which  follow.  Like  all  new  institutions,  we  have  not  entirely  escaped 
trials,  but  we  trust  we  have  learned  their  lesson,  and  shall  be  the  better 
and  stronger  for  them.  Instead  of  dispersing  our  energies  in  iinlversity 
extensions,  we  have  followed  the  opposite  course  of  university  concentra- 
tion, like  the  £&>le  Pratique  of  France.  Acceptii^  the  plain  lesson  of 
history  that  the  best  educational  influences  work  from  above  downward, 
that  universities  create  the  material  of  culture,  while  lower  institutions 
are  the  canals  for  its  distribution,  we  have  sought  aid  for  the  latter  work 
by  an  educational  sub-department  and  siunmer  school.  We  are  not  like 
the  Smithsonian  Institute,  the  Naples  school,  the  Eeichtanttalt,  academies 
of  sdence,  etc.,  devoted  solely  to  research,  but  have  to  make  our  lectures 
more  condensed  and  fewer  than  usual,  because  addressed  to  advanced 
men,  and  to  devise  ways  of  making  teminary  and  laboratory,  two  of  the 
noblest  words  in  the  vocabulary  of  higher  education,  more  effective.  We 
have  tried  to  effect  systematic  exchanges  with  foreign  institutions,  —  and 
our  Ubrary  has  profited  largely  from  this  source,  —  and  have  sought  by 
all  the  above  means  to  aid  in  giving  to  universities  and  to  professors  the 
position  due  them  in  a  time  when  sciences  have  come  to  underlie  all  the 
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arts  of  peace  and  war,  and  when  the  world,  in  all  its  actiTities,  industty 
and  trade,  profeHsiona,  legislation,  is  coming  to  be  more  and  more  oon- 
trolled  by  experts,  thus  trained  to  the  frontier  of  their  specialties. 

The  degree  of  Doctor  of  Philosophy  has  been  conferred  upon  can- 
didates, whose  names,  together  with  the  dates  of  their  final  examinations 
and  the  subjeots  of  their  dissertations,  ate  given  later  in  this  volume. 

Other  historical  facte  are  given  in  the  President's  Address  at  the 
Deoennial  Celebration. 


REQUIREMENTS  FOR  THE  DEGREE  OF  DOCTOE  OF 
PHILOSOPHY. 

At  least  two  years,  and  in  most  oases  tiiree  years,  of  graduate  work 
will  be  neoeas&ry  for  this  degree.  Examiuatioiis  for  it,  however,  may 
be  taken  at  any  time  during  the  academic  year  when,  in  the  judgment 
of  the  University  authorities,  the  candidate  is  prepared.  A  prearranged 
period  of  serious  work  at  the  Universitjr  itself  is  indispensable. 

For  this  degree  the  first  requirement  is  a  dissertation  upon  an 
approved  subject,  to  which  it  must  be  an  original  contribution  of  value. 
To  this  capital  importance  is  attached.  It  must  be  reported  on  in 
writing  by  the  chief  instructor  before  the  examination,  printed  at  the 
expense  of  the  candidate,  and  at  least  one  hundred  copies  given  to 
the  University.  In  case,  however,  of  dissertations  of  very  unusual 
length,  or  containing  very  expensive  plates,  the  Faculty  shall  have 
power,  at  the  request  of  the  candidate,  to  reduce  this  number  of  presen- 
tation copies  to  fifty. 

Such  formal  or  informal  tests  as  the  Facility  shall  determine,  shall 
mark  the  acceptance  of  each  student  or  fellow  as  a  candidate  for  this 
degree.  One  object  of  this  preliminary  test  shall  he  to  insure  a  good 
reading  knowledge  of  French  and  German.  Such  formal  candidature 
shall  precede  by  at  least  one  academio  year  the  examination  itself. 
(See  special  rules  below.) 

The  fee  for  the  doctor's  degree  is  (25,  and  in  every  case  it  must 
be  paid  and  the  presentation  copies  of  the  dissertation  must  be  in  the 
hands  of  the  Librarian  before  the  diploma  is  given.  In  exceptional 
cases,  however,  and  by  special  action  of  the  Faculty,  the  ceremony 
of  promotion  may  precede  the  presentation  of  the  printed  copies  of 
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the  dissertation.  The  latter,  however,  must  always  precede  the  actual 
presentation  of  the  diploma. 

An  oral  but  not  a  written  examination  ia  required  upon  at  least 
one  minor  subject  in  addition  to  the  major,  before  an  examination 
jury  composed  of  at  least  four  members,  including  the  head  of  the 
department  and  the  President  of  the  University,  who  is  authorized 
to  invite  any  person  from  within  or  without  the  University  to  be 
present  and  to  ask  questions.  The  jury  shall  report  the  results  of 
the  examination  to  the  Faculty,  which,  if  it  is  also  satisfied,  may 
recommend  the  candidate  for  the  degree. 

For  the  bestowal  of  this  degree,  the  approbation  of  the  Board  of 
Trusteee  must  in  each  case  be  obtained.  They  desire  that  the  standard 
of  requirements  for  it  be  kept  the  highest  praoticaUe,  that  it  be  reserved 
for  men  of  superior  ability  and  attainment  only,  and  that  its  value 
here  be  never  suffered  to  depreciate. 

It  is  to  the  needs  of  these  students  that  the  lectures,  seminaries, 
laboratories,  collections  of  books,  apparatus,  etc.,  are  specially  shaped, 
and  no  pains  will  be  spared  to  f^ord  them  every  needed  stimulus 
and  opportunity.  It  is  for  them  that  the  Fellowships  and  Scholarships 
are  primarily  intended,  although  any  of  these  honors  may  be  awarded 
to  others. 

SPECIAL  RULES. 

I.  Metidenee. — No  candidate  shall  receive  the  degree  of  Doctor  of 
Philosophy  without  at  least  one  year's  previous  residence. 

II.  Candidaiure  for  the  Ihetor't  Ihgree. — Every  applicant  for  the 
doctor's  degree  shall  fill  out  before  October  15th  the  regular  appli- 
cation blank  provided  at  the  office.  This  schedule  shall  be  submitted 
to  the  head  of  the  department  and  the  instructor  in  the  major  subject. 
Before  afGxing  their  signatores  they  shall  satisfy  themselves,  in  such 
manner  as  they  may  desire,  as  to  the  fitness  of  the  applicant. 

m.  When  countersigned,  this  schedule  shall  be  filed  with  the 
President,  who  will  appoint  an  exanuner  to  serve  with  a  representative 
of  the  major  subject  as  a  conunittee  to  determine  the  proficiency  of 
the  applicant  in  French  and  Crerman. 

IV.  In  case  of  a  favorable  report  by  this  committee  the  applicant 
shall  be  a  regular  candidate  for  the  degree. 

V.  Candidates  complying  with  all  preliminary  conditions,  including 
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the  examinations  in  French  and  German,  before  November  1st,  will 
be  allowed  to  proceed  to  the  doctor's  examination  at  any  time  between 
May  15th  following  and  the  end  of  the  academic  year. 

VI.  Diuertation. — The  dissertation  must  he  presented  to  the  in- 
structor under  whose  direction  it  was  before  written,  and  reported  upon 
by  him  before  the  final  examination.  In  every  case  the  dissertation  shall 
be  laid  before  the  jury  of  examination,  at  the  time  of  examination,  in  form 
suitable  for  publication.  This  provision  shall  not,  however,  preclude  the 
making  of  such  minor  changes  later  as  the  chief  instructor  may  approve. 

VII.  The  dissertation  shall  be  printed  at  the  expense  of  the  can- 
didate, and  the  required  copies  deposited  with  the  Librarian  within 
one  calendar  year  from  the  Ist  of  October  following  the  examination. 
The  candidate  alone  will  be  held  responsible  for  the  fulfilment  of  these 
conditions. 

VIII.  The  favorable  report  of  the  chief  instructor,  filed  in  writing 
with  the  Clerk  of  the  University,  shall  be  a  sufBcient  imprimatur  or 
authorization  for  printing  as  a  dissertation.  The  printed  copies  shall 
bear  upon  the  cover  the  statement  of  approval  in  the  following  words, 
over  the  name  of  the  chief  instructor :  — 

A  Dissertation  submitted  to  the  Faculty  of  Clark  University,  Wor- 
cester, Mass.,  in  partial  fulfilment  of  the  requirements  for  the  degree 
of  Doctor  of  Philosophy,  and  accepted  on  the  recommendation  of 
(name  of  the  chief  instructor). 

IX.  Bxaminatitmt  for  the  Doetor't  Degree. — The  examinations  for 
the  doctor's  d^jee  may  be  held  at  any  time  during  the  academic 
year,  provided  that  at  least  one  academic  year  has  elapsed  since  the 
completion  of  the  preliminaries  of  candidature,  except  in  the  case  of 
fulfilment  of  these  conditions  between  the  beginning  of  any  academic 
year  and  November  Ist  of  that  year,  to  which  case  Rule  V.  applies. 
The  examinations  shall  he  held  at  such  hours  and  places  as  the  President 
may  appoint. 

X.  Examinations  may  also  be  held  during  the  regular  vacations 
of  the  University,  but  for  these  an  additional  fee  of  five  dollars  to 
each  examiner,  and  the  reasonable  travelling  expenses  of  any  examiners 
who  are  out  of  town,  all  payable  in  advance,  will  be  required. 

XI.  All  these  special  rules  shall  go  into  force  immediately  as  far 
as  practicable,  and  shall  govern  all  applicants  for  degrees  in  the  academic 
year  1899-1900. 
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THB  DECENNIAL  CELEBRATION. 


Ths  work  of  Clark  University  is  so  technical  and  special  that  it  is 
necessarily  more  or  less  withdrawn  from  popular  interest.  It  has  no 
commencements,  and  comes  in  very  little  contact  with  the  public  or  the 
press  in  Worcester,  or  indeed  with  collegiate  institutions  in  other  parts  of 
the  country.  This  is  a  disadvantage  so  f ar  ae  local  or  general  public 
interest  in  its  work  is  concerned,  hut  the  fact  that  it  does  not  exercise 
many  of  the  usual  functions  of  a  college  is  also  a  distinct  advant^e  to  its 
scientific  work.  The  close  of  the  tenth  year  of  its  existence  presented  an 
opportunity  to  bring  before  the  public,  in  a  simple  way,  befitting  at  once 
its  size  and  its  quality,  a  presentation  of  the  work  it  has  accomplished  in 
the  past  and  of  its  hopes  and  needs  for  the  future.  Early  last  winter  the 
President  began  to  consider  plans  of  marking  this  anniTersary,  and,  with 
the  efficient  aid  of  the  Faculty,  they  gradually  took  definite  shape.  A 
personal  appeal  was  then  made  to  a  number  of  public-spirited  and  wealthy 
intizens  of  Worcester,  and  the  scheme  was  rendered  feasible  by  the  gen- 
erosity of  the  following  gentlemen,  who  donated  the  sums  affixed  to  their 


Kr.  Stei^en  Salisbury, 
Hr.  Philip  W.  Moen, 
Hr.  Thomas  H.  Dodge, 
Hr.  Edward  D.  Thayer,  Jr., 
Ur.  Charles  S.  Barton, 
Mr.  John  H.  Coefl, 
Ur.  Andrew  H.  Green, 
Mr.  Arthur  K.  Stone, 
John  0.  Marble,  M.D., 


«1000 
600 
200 
200 
100 
100 
100 
100 


Mr.  C.  Henry  Hutehins, 
Mr.  William  S.  Bice, 
Mr.  Orlando  W.  Korcroes, 
Mr.  Matthew  J.  Whittall, 
Mr.  A.  Swan  Brown, 
Mr.  Loring  Coea, 
Mr.  James  Logan, 
Mr.  Joseph  H.  Walker, 
Mr.  Frederick  L.  Coes, 


9600 
600 
200 
150 
100 
100 
100 
100 


Charles  L.  Nichols,  M.P.,     925. 
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It  was  decided  that  the  close  of  the  tenth  academic  year  should  be 
celebrated  (1)  by  courses  of  lectures  delivered  by  distinguished  foreign 
scientific  men,  (2)  by  public  exercises,  and  (3)  by  an  evening  reception. 

A  conference  was  then  held  concerning  the  most  prominent  leaders  in 
Europe  in  branches  especially  cultivated  at  the  University,  and  after  some 
correspondence  the  following  persons  were  invited  to  give  from  two  to 
four  lectures  each:  — 

EimA  FiOABD,  PiofesBOr  of  MathematiGs  at  the  University  of  Paris. 

LuDwiQ  BoLTzxAsiT,  Frofessor  of  Theoretical  Physios  at  the  University  of 
Vienna. 

Ahgelo  Mosso,  Professor  of  Physiolc^  and  Eector  of  the  University  of  Turin- 

Santiago  'B,ax6s  r  Cajai.,  Professor  of  Histology  and  Beotor  of  tiie  Univer- 
sity of  Madrid. 

AnsTiBT  FoBBL,  late  Frofessor  of  Psychiatry  at  the  University  of  Ztlrioh  and 
Director  of  the  Burgh&lzli  Asylum. 

Under  the  direction  of  a  oonunittee  consisting  of  As^stant  Professor 
A.  G.  Webster  and  Professor  W.  E.  Story,  the  following  forms  of 
invitation  to  the  various  parts  of  the  programme  were  prepared:  — 


.,  Google 


CeMyraivm.  16 


(,    et^t<^ 


n-fx^'t-od. 


^taAt>  te^iy. 


Digitized  by  LjOOQIC 


Decennial 


CyAe-   L/i€dC€^€^^^    CjrUtdiaed-j     ^M^€^  C^ClOt4-^^    o^ 


€€€  ^54^   .^^^s^iiz^c^^^i^    cf    ^A^    €xx'tn^i^^^c<^'n'    Of    ^Ae 


MtoAt,  ve^ly. 


Digitized  by  LjOOQIC 


Celebraiion. 


a/ 


MtoMf  te^t^. 


Digitized  by  LjOOQIC 


18  Decemi>ial 

The  inTitations  to  the  lectures  were  Bent  to  tmcli  persoiu  aa  were  con- 
aidered  to  be  particularly^  interested  in  the  subjects  in  question,  of  whom 
OTer  one  hundred  accepted.  Many  declinations  were  inevitable  and 
expected,  owing  to  the  unfavorable  season  of  the  year  and,  perhaps  in 
part,  to  the  somewhat  too  short  notice  given.  The  lecturers  all  arrived 
in  due  season,  and  were  entertained  as  follows :  — 

Professor  Emile  Picard,  by  Professor  W.  E.  Story, 

Professor  Ludwig  Boltzmann,  l^  Assiatant  Professor  A.  G.  WelMtet. 
Professor  Angelo  Mosso,  by  President  Q.  Stanley  Hall. 

Professor  S.  Bani<!n  y  Cajal,    by  Hon.  Stephen  Salisbnry. 
Professor  August  Fotel,  l^  Dr.  Adolf  Meyer. 

The  lectures  were  held  in  the  large  lecture-room  on  the  first  floor,  and 
were  well  attended.  Professors  Picard  and  Cajal  lectured  in  French,  and 
Professors  Boltzmanu,  Mosso,  and  Forel  in  German.  Their  lectures  are 
printed  in  full  elsewhere  in  this  volume. 

Many  social  functions  occurred  during  the  week  ending  July  8.  On 
Wednesday  evening.  Professor  Story  received  informally  the  attendants 
on  the  lectures  of  Professors  Picard  and  Boltzmann ;  on  Thursday  evening 
President  Hall  gave  a  reception  to  all  the  visitors ;  and  on  Friday  after- 
noon and  evening  the  whole  company  was  entertained  by  Hon.  Stephen 
Salisbury  at  the  Quinsigamond  Boat  Club  house. 

The  second  part  of  the  celebration  occurred  on  Monday  morning, 
July  10,  beginning  at  10.30,  in  the  University.  The  professors  had 
adopted  academic  costtmie,  and  many  distinguished  guests  were  seated 
upon  the  platform.  The  exercises  opened  with  prayer  by  the  Rev.  Alex- 
ander H.  Vinton,  Rector  of  All  Saints'  Church. 

A  few  extracts  from  congratulatory  letters  were  read  by  Professor 
Story,  which  are  printed  elsewhere  in  this  volume.  Brief  congratulatory 
addresses  were  made  by  President  Faunce,  of  Brown  University,  repre- 
senting the  New  England  college  presidents ;  and  Professor  Bowditch  of 
the  Harvard  Medical  School,  representing  the  higher  scientific  institutions 
of  the  state. 

President  Faunce  said :  — 

"  I  count  it  a  very  happy  fact  that  the  first  occasion  on  which  I  am  to 
officially  speak,  representing  Brown  University,  is  at  this  anniversary  at 
Clark  University.  I  bring  you  to-day  greetings  from  an  institution  of  the 
higher  learning  founded  in  1764  to  a  university  founded  in  1887.     It  is 
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safe  to  Bay  that  Clark  Umversity  has  done  more  to  widen  the  confines  of 
human  knowledge  than  any  other  American  college  in  one  hundred  and 
fifty  years. 

"  When  Professor  J.  P.  Cooke,  of  Harvard,  applied  to  the  Faculty  for 
chemicals  and  apparatus  for  experiment,  he  was  told  he  most  secure  the 
materials  at  his  own  expense,  and  that  he  must  be  responsible  for  any 
explosions  or  damage  in  consequence  of  his  experiments.  From  that  day 
to  this  is  a  long  step.  Our  method  of  applying  nature  has  been  trans- 
formed within  a  very  few  years.  The  distance  between  Achilles'  coach 
and  the  English  stage-coach  is  not  the  same  as  that  between  the  st^e- 
coach  and  the  Empire  State  express.  The  difference  between  the  Phceni- 
cian  gaUeys  and  the  Bon  Homme  Richard  is  not  the  difference  between 
the  Bon  Momme  Richard  and  the  modern  battleship.  The  little  world  of 
Shakespeare  has  become  one  vast  universe  of  learning,  and  the  field  has 
broadened  almost  infinitely  in  all  directions,  and  the  goal  is  the  far-off 
divine  event  toward  which  the  whole  creation  moves. 

**  In  this  movement  of  scholarship  the  enrichment  of  one  itutitution 
is  the  enrichment  of  all,  the  enfeeblement  of  one  is  the  enf eeblement  of 
aU.  YoQ  have  received  at  this  celebration,  almost  Spartan-like  in  its  sim- 
plicity, the  congratulations  not  alone  of  America,  but  of  Berlin  and 
Munich  and  Vienna,  because  your  advance  and  success  is  the  advance 
of  all.  Only  gec^p^phically  and  superficially  are  the  leaders  of  modem 
scholarship  divided,  and  so  we  congratulate  you,  not  because  you  have 
duplicated  existing  plants,  but  that  you  have  filled  a  place  hitherto 
unfilled  and  have  broken  new  ground. 

"  Here  among  aU  the  institutions  of  learning  you  have  not  detracted 
from  the  success  of  other  institutions,  you  have  placed  fresh  laurels  on  the 
heads  of  each.  All  of  as  feel  a  warm  interest  and  admiration  for  this 
University  because  of  the  simple,  quiet,  and  noble  work  done  within  these 
walls." 

Dr.  Bowditch  said  that  he  was  quite  onprepared  to  say  moch,  and  he 
thoDght  it  jnst  aa  well,  for  he  belonged,  in  the  words  of  Dr.  Holmes,  to 
the  **8ilent  profession."  He  paid  a  tribute  to  the  felicitous  speech  of 
Dr.  Faunce,  which  left  him  little  to  say.  Dr.  Bowditch  spoke  of  the 
great  work  in  scientific  research  being  condaoted  by  the  institution,  and, 
after  some  wishes  for  its  prosperity,  congratulated  the  youngest  coUege 
in  the  name  of  the  oldest  college  in  Massachusetts. 


.,  Google 


20  Decennial 

Then  followed  the  address  by  President  Hall,  printed  elsewhere  in  this 
volume. 

The  honorary  degree  of  DocTOB  or  Laws,  honorit  eatudt  was  then  con- 
ferred, for  tibe  first  time,  upon  the  five  foreign  professors  in  the  following 
terms:  — 

"  By  virtue  of  the  authority  vested  by  the  Commonwealth  of  Massachu- 
setts in  the  Board  of  Trustees  of  Clark  University,  and  by  them  dele- 
gated to  me,  I  now  create  you  Doctor  of  Laws,  honorit  cautd,  and  by  this 
token  [presenting  diploma]  invest  you  with  all  the  dignities  thereunto 
appertaining."    Brief  responses  were  made,  of  which  translations  follow. 

LUDWIQ   BOLTZlCAim. 

The  problem  of  science  is  a  twofold  one :  first,  to  advance  our  knowledge 
of  natnre  independently  of  any  practical  application ;  and  second,  to  make 
practical  applications  of  the  knowledge  gained.  Although  to  a  superficial 
observer  it  may  seem  that  the  latter  is  of  greater  importance,  the  develop- 
ment of  hmnaoity  has  shown  in  the  most  convincing  way  that  the  first 
kind  of  activity  is  not  only  of  paramount  importance,  but  that  the  leading 
role  belongs  to  it.  In  fact,  it  is  only  thanks  to  the  pioneers  of  science 
who,  laying  aside  all  practical  applications,  penetrate  deeper  and  deeper 
into  the  essence  and  arrangement  of  the  forces  of  nature,  that  humanity 
has  obtained  that  sway  over  the  laws  of  nature  which  makes  possible  the 
present  practical  achievements. 

The  German  universities  have  devoted  themselves  at  all  times  to  the 
nurture  of  pure  science  apart  from  its  practical  applications,  although  but 
one  of  the  four  university  faculties  is  consecrated  to  it,  uid  that  one  not 
entirely.  It  must  be  considered  as  a  good  omen,  therefore,  that  here  in 
America,  which  is  usually  taken  to  be  the  land  of  practical  men,  the  ideal 
of  a  place  entirely  consecrated  to  the  service  of  pore  science,  unattainable 
in  Germany,  has  found  its  realization,  so  that  I,  who  am  body  and  soul  a 
German  professor,  deem  it  a  great  honor  to  have  conferred  on  me  in  this 
place,  the  greatest  distinction  which  the  University  can  grant.  While 
desiring  Clark  University  to  flourish  and  thrive  in  the  intimate  conviction 
that  the  whole  scientific  world  is  interested  in  her  prosperity,  I  express 
my  thanks  to  the  President  and  all  its  members  for  the  high  honor 
bestowed  upon  me  to-day. 
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Sasxiaoo  Rauok  t  Cajai,. 

I  OFFBB  my  most  cordial  titianks  to  Clark  Universil^  for  the  honorable 
distinction  she  has  bestowed  npon  me  in  spite  of  my  small  deserts  by 
granting  to  me  t^e  degree  of  doctor  of  lawB  b;  this  learned  body,  the 
remembrance  of  which  will  never  fade  from  my  memory.  This  honor 
I  deem  to  be  the  prize  of  the  greatest  value  which  my  modest  researches 
have  procured  for  me,  and  the  one  which  will  encourage  me  most  in  my 
worship  of  the  laboratory  tasks  and  of  the  study  of  nature.  This 
honorary  distinction,  as  well  as  the  invitation  which  Clark  University 
condescended  to  make  me  to  take  part  in  the  conferences  for  solemnizing 
the  tenth  anniversary  of  its  foundation,  shows  once  more  that  the  men  of 
science  know  of  no  frontiers,  and  that  they  form  a  universal  family,  whose 
solidarity  and  fellow-feeling  place  them  h^h  above  the  wrangle  of  mate- 
rial interests  and  selfish  struggles  of  nationalities. 

It  was  truly  a  happy  idea  to  create  in  America  a  university  of  higher 
studies,  devoted  not  only  to  the  labor  of  teaching,  but  also  very  especially 
to  giving  impulse  to  pure  science.  It  has  been  said  many  times,  but  never 
enough,  that  there  is  no  lasting  industrial  prc^p'eas  if  it  is  not  connected, 
as  a  brook  with  its  source,  with  the  creation  of  original  science. 

No  matter  how  great  the  practical  genius  of  a  nation,  it  is  impossible 
for  it  to  preserve  its  political,  commercial,  and  industrial  hegemony,  unless 
it  comes  out  intellectually  superior  to  other  nations,  unless  it  attends  with 
eqnal  care  to  the  laboratory  and  to  the  mill,  to  the  ideas  as  well  aa  to  the 
inventions,  to  the  philosophy  and  to  the  science  which  guide  as  well  as  to 
the  art  which  carries  out. 

This  happy  alliance  between  theory  and  practice  is  what  places  G^- 
many  to^lay  at  the  head  of  civilization.  It  would  be  easy  to  adduce  num- 
berless examples  of  the  supremacy  which  industry,  founded  on  science, 
holds  over  empirical  industry  created  at  haphazard  according  to  the 
inventive  character  of  each  nation.  I  will  quote  only  two  —  the  chemical 
industry  of  the  aniline  dyes  created  chiefly  in  Germany,  which  assures 
to  that  nation  an  immense  wealth ;  and  the  optical  industry  representing 
all  kinds  of  apparatus  (microscopes,  photograptiical  and  astronomical 
object-glasses)  which  sprung  up  under  the  inspiration  of  the  great 
mathematioians,  Abbe,  Rudolph,  Goertz,  and  others,  and  which  by  its 
manifest  superiority  over  that  of  other  nations  procures  to  Prussia  a 
monopoly  which  makes  the  whole  world  her  tributary. 
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That  ie  the  right  way,  the  only  one  which  leads  to  glory,  wealth, 
and  power.  I  trust  that  the  creation  of  Clark  University  may  give  the 
signal  for  founding  in  America  other  similar  institutions  embracing  a  still 
larger  number  of  branches  of  science,  and  having  as  their  primary  object 
the  wresting  of  secrets  from  nature,  supplying  industry  and  arts  with 
principles  and  facts  capable  of  fruitful  applications,  forming  the  research 
spirit  of  the  new  generation,  freeing  it  from  the  clogs  of  routine  and 
imitation,  and  finally  forming  the  foundation  of  a  splendid  eivilization 
superior  in  groundwork,  as  well  as  in  form,  to  that  of  the  European 
nations. 

August  Fokel. 

I  THA.yTC  yon  heartily  for  the  great  honor  you  have  bestowed  upon  me 
by  conferring  upon  me  the  degree  of  doctor  of  laws,  honorit  cauad,  of 
Clark  University.  But  I  accept  this  honor  less  in  my  own  person  than 
as  a  representative  of  Switzerland  at  your  celebration  —  in  the  name  of 
my  little  fatherland.  Although  nowadays  the  Swiss  Federation  disap- 
pears beside  the  powerful  republic  of  the  United  States,  yet  she  prides 
herself  still  on  being  the  little  old  mother  of  democracy,  which  has  fought 
for  her  free  rights  for  centuries,  and  has  maintAined  them  up  to  the 
present  day.  I  offer  my  heartiest  congratulations  for  the  brilliant  success 
which  Clark  University  has  achieved  during  the  short  time  of  its  exis- 
tence in  the  high  domains  of  philosophy,  pedagogy,  and  of  many  a  scientific 
foundation  of  social  questions.  But  we  must  also  offer  our  heartiest 
thanks  and  congratulations  for  the  generous  and  magnificent  gifts  of 
American  citizens  for  the  furtherance  of  scientific  and  social  progress. 
Allow  me  to  add  a  wish.  Let  Clark  University  continue  to  pursue  — 
under  the  successful  guidance  of  her  excellent  President,  Professor  6. 
Stanley  HaU  —  her  researches  in  the  regions  of  psychology  and  pedagogy 
together  with  those  on  the  brain  and  its  life,  and  thus  to  further  the 
investigation  and  the  building  up  of  truth  in  the  teeth  of  all  prejudices. 
Let  her  help  to  bury  the  old  roads  of  barren  metaphysical  dogmas  and 
speculations,  and  thus  develop  in  its  entirety  the  only  fruitful  ethically 
built-up  progressive  method  of  scientific  investigation  in  these  domains, 
as  a  blessing  to  our  posterity  and  for  the  good  of  a  better  and  happier 
humanity. 
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Ajtgblo  Mosao. 


I  OFTEB  my  thants  to  Clark  University  for  the  honor  bestowed  upon 
me.  I  shall  carry  with  me  to  Italy  a  happy  remembrance  of  the  many 
proofs  of  sympathy  and  friendship  which  I  have  received  in  the  Uni- 
versity and  the  city  of  Worcester.  It  is  not  only  the  expression  of  my 
gratitude  that  I  offer  you,  but  also  my  great  admiration  for  aU  that  I 
saw  in  your  University,  and  especiaUy  the  development  in  experimental 
psychology  under  the  happy  impulse  which  the  President  has  given  to 
this  branch  of  science.  It  is  not  only  on  my  own  account  that  I  offer 
you  my  thanks,  it  is  also  because,  on  my  return  to  Italy,  I  hope  to  found 
in  the  University  of  Turin  a  school  of  experimental  psychology. 

Emile  Pioabd. 

I  OFFEB  my  heartiest  thanks  to  the  President  and  Professors  of  Clark 
University  for  the  degree  just  conferred  upon  me.  I  have  been  also  greatly 
touched  by  the  honor  you  bestowed  upon  me  by  inviting  me  to  give  a  few 
lectures  dnrii^  this  academic  celebration.  Your  desire  was  thus  to  bear 
witness  to  your  sympathy  with  men  of  science  in  France.  We  follow  on 
om-  side,  in  France,  with  great  interest  the  American  scientific  movement, 
and  we  rejoice  in  seeing  closer  relations  established  between  our  universi- 
ties  and  those  of  this  country.  Science  treads  its  ascending  march  on 
different  roads,  and  research  work  requires  to-day  the  most  varied  apti- 
tudes. The  initiative  and  the  energy  which  are  prevalent  in  this  country 
will  not  be  wanting  in  occasions  for  displaying  themselves,  and,  in  all 
branches  of  studies,  the  American  scientists  will  be  able  'to  erect  some- 
thing equivalent  to  those  large  telescopes  by  means  of  which  your  astrono* 
mers  have  made  such  beantifol  discoveries.  It  is  in  the  universities  which, 
like  this  one,  are  devoted  to  research,  that  the  scientific  movement  is  bound 
to  have  its  origin.  From  everything  I  have  seen  and  heard  for  the  last 
few  days,  I  am  certain  that  the  eminent  professors  of  this  University 
devote  themselves  with  success  to  this  noble  task,  and  I  beg  to  offer  my 
most  sincere  wishes  for  the  continuance  of  the  brilliant  development  of 
Clark  University. 

The  exercises  concluded  with  prayer  by  Dr.  Vinton. 

The  dosing  exercise  of  the  decennial  was  a  reception  which  was 
attended  by  between  five  hundred  and  six  hundred  ladies  and  gentlemen 
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of  Worcester.  The  arrangemeuts  had  been  made  under  the  direction  of 
AsBiBtant  Professor  Henry  Taher  and  Profrasor  William  E.  Story.  The 
large  lecture-room  and  corridors  were  decorated  with  festoons  of  green 
and  white,  the  flags  of  the  United  States  and  of  the  native  countries  of 
the  foreign  guests,  and  with  potted  plants.  A  collation  was  served  in  the 
library,  and  many  pieces  of  apparatus  were  exhibited  in  operation  in  the 
physical  and  psychological  laboratories. 

The  following  persons  received :  President  G.  Stanley  Hall,  Miss 
Florence  E.  Smith  of  Newton  Centre,  Mass.,  Mrs.  A.  W.  Seals  of  Stam- 
ford, Conn.,  Hon.  Stephen  Salisbury,  Dr.  Edward  Cowles,  Miss  G^e, 
Professor  and  Mrs.  William  E.  Story,  Assistant  Professor  and  Mrs.  Arthur 
G.  Webster,  Assistant  Professor  and  Mrs.  Clifton  F.  Hodge,  Assistant 
Professor  Edmund  C.  Sanford,  Miss  Sanford,  Assistant  Professor  Henry 
Taber,  Dr.  and  Mrs.  A.  F.  Chamberlain,  the  foreign  lecturers,  SeDora 
Ramon  y  Cajal,  and  Frau  Boltzmann. 

The  press  of  Worcester  gave  very  full  and  detailed  accounts  of  all 
that  transpired  during  the  week  except  the  scientific  lectures,  all  of  which 
were  in  foreign  languages  and  upon  very  technical  subjects. 

The  following  original  documents  have  been  bound  and  filed  in  the 
University  library ;  — 

(1)  The  congratulatory  letters,  telegrams,  etc. 

(2)  The  correspondence  with  the  foreign  lecturers,  and  the  letters  of 
acceptance  and  declination  from  American  professors. 

(3)  The  letters  of  acceptance  and  deolinaticoi  to  the  reception  in  the 
evening. 

The  weathflr  was  somewhat  warm  during  the  first  few  days,  but  was 
dear  and  cool  on  Saturday,  Sunday,  and  Monday.  The  hospitality  of 
Worcester  people  was  all  that  could  be  desired. 
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CONGRATULATIONS. 


The  following  extracta  are  taken  from  many  hundred  congratulatory 
letters,  personal,  official,  and  from  institutions  and  educators  of  all  grades 
and  many  lands. 

CongratulationB  on  the  conclusion  of  the  nnireralty's  first  decade,  and  best 
wishes  for  the  snccessfol  continuance  of  the  work  it  has  undertaken. 

WiLLUM  HoEnruT,  Washingttxt,  S.C, 
Preiident  of  (Aa  VniUA  Btatt*. 

The  attraction  will  be  etroi^  to  all  who  are  interested  in  the  great  subjects 
which  these  distdnguished  men  will  discuss,  or  in  intellectual  eminence  for  its 
own  sake.  Your  occasion  wiU  be  the  most  distii^aished  gatherit^  that  will 
occur  in  all  ITew  England  tiiis  summer.  .  .  . 

The  high  plane  of  the  work  done  at  Clark  TTuiTersity,  the  only  institution 
in  our  country  ezclusively  devoted  to  original  research  and  the  instruction  of 
advanced  iuTCstigators,  so  far  as  I  am  aware,  is  well  known  to  all  who  hare 
followed  the  course  of  the  TTniversity.  Modestly,  and  without  ostentation,  it 
has  pursued  its  noble  ideals.  If,  under  your  able  direction,  its  means  were  more 
eztensire,  the  XTniTersity  would,  doubtless,  become  the  centre  of  a  still  larger 
circle  of  influence  in  the  training  of  men  for  the  prosecution  of  original  leaearch 
and  the  conduct  of  similar  work  in  other  institutions.  I  trust  that  your  own 
large  plans  and  those  of  the  founder  of  the  tJniTersily  may  enjoy  a  complete 
realization,  and  that  its  future  may  be  crowned  with  the  high  success  which  so 
great  an  enterprise  rightly  deserves. 

Felicitating  the  honored  founder,  yourself,  the  trustees,  and  your  colleagues 
in  the  faculty  upon  the  great  occasion  you  are  soon  to  celebrate, 

Davii}  J.  Hill,  Washington,  D.C., 
.dasiatant  StcrttatT/  of  State, 

It  is  one  of  the  chief  regrets  of  my  life  that  I  cannot  attend  the  celebration 
of  Clark  TJniverBity.  Be  assured  that  no  reason  personal  to  myself  has  pre- 
vented my  attendance.  I  have  seriously  considered  the  question  of  crossing  the 
Atlantic  for  the  purpose,  and  coming  back  here  immediately  afterward.  But 
that  seems  impracticable. 
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We  Iia.Te  to  congratulate  tlie  Univerait;  upon  ten  years  of  succesB.  It  waa 
not  to  be  expected  that  an  institution  wlioae  aim  is  to  lift  the  unirersity  educa- 
tion, not  only  of  this  country,  but  of  the  world,  to  a  higher  plane,  and  to  break 
out  a  new  and  untrodden  path,  should  command  popularity  in  the  beginning,  oi 
that  ita  success  should  at  once  be  lecognized  by  the  general  public.  But  we 
have  no  cause  for  regret  or  for  discouragement.  Teachera  whom  we  have  eda- 
oated  are  found  in  institutions  of  the  first  class  in  all  parts  of  the  country,  and 
all  parts  of  the  world  have  sent  representativeB  to  receive  our  instruction.  This 
is  largely  due  to  the  wise  and  far-sighted  intelligence  of  the  founder,  and,  next, 
to  your  own  constant  and  self-sacrificing  labors. 

There  have  been  times  during  these  ten  years  when  we  hare  been  tempted 
to  think  that  the  people  of  Worcester  have  been  cold,  and  have  been  lacking  in 
the  liberality  which  we  had  hoped  from  them  when  we  started.  But  in  looking 
at  the  history  of  other  institutions  which  are  now  useful  snd  flourishing,  it  will 
be  seen  that  they  had  in  the  beginning  a  like  experience.  I  remember  well  a 
time  when  it  almost  seemed  impossible  to  get  the  people  of  Worcester  to  endow 
a  public  library.  But  the  hour  came  and  the  man  came,  and  our  public  library 
is  nov  munificently  endowed  and  is  a  model  of  library  administration.  The 
Polytechnic  Institute  had  its  day  of  small  things.  But  the  liberality  of  two 
citizens  of  Worcester  of  the  same  name  and  race,  whose  two  lives  seem  almost 
like  the  prolonged  life  of  one  individual,  came  to  its  aid,  and  it  is  aow  doing  its 
work  with  large  endowments,  and  its  scheme  has  been  copied  by  other  institu- 
tions all  over  the  country.  I  do  not  for  a  moment  doubt  that  the  time  will  come 
when  out  endowments  will  enable  as  to  maintain  in  the  entire  circle  of  univer- 
sity education  the  position  which  we  have  taken  and  hold  with  regard  to  a  few 
subjects.  Already  an  eloquent  orator,  formerly  head  of  the  National  Catholic 
Universi^  at  Washington,  has  referred  to  Clark  as  "that  little  institutum  in 
Worcester  which  has  added  a  new  story  to  university  education,  and 

'  WMoh  allaree  to  brighter  worlds  and  leads  the  way.'  " 

An  eminent  professor  of  science  from  the  English  Cambridge  declared  at  a 
meeting  in  the  British  Association,  in  the  presence  of  famous  saholars  from  all 
parts  of  the  world,  that  there  is  one  thing  that  England  envies  America,  and 
that  is  Clark  University. 

There  is  nothing  except  the  country  itself  which  ought  to  inspire  a  deeper 
devotion  in  ita  children  than  a  university.  As  time  goes  on  this  feeling,  made 
np  of  love  and  gratitude,  will  be  found  in  fullest  measure  among  the  alumni  of 
Clark.  As  they  go  out  to  reap  the  harvests  of  success  in  life,  they  will  repay 
to  their  alma  mater,  in  their  own  way,  the  great  debt  they  owe  her.  When  that 
time  comes  I  have  no  fear  that  her  endowments  will  not  be  ample  to  accomplish 
the  work  she  has  undertaken.  In  the  meantime  those  of  us  to  whom  the  con- 
fidence of  the  founder  has  committed  a  share  in  her  administration  must  renew 
our  own  vows  of  fidelity  to  her  service. 

Amoi^  the  many  public  honors  which  the  undeserved  kindness  of  my  fellow- 
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B  has  bestoved  upon  me,  I  count  none  higher  than  my  seleotion  as  one  of 
the  £rst  board  of  trustees  of  this  institution.  I  trust  that  your  celebration  will 
be  full  of  delight  for  those  who  gather  there,  that  they  irill  look  forward  irith 
bright  hopes  to  the  future,  and  that  an  inunoitality  of  fame  and  usefulness  may 
await  the  institution  which  now  celebrates  its  tenth  birthday. 


I  learn  from  your  formal  letters  of  invitation  that  you  ate  to  celebrate  the 
close  of  the  first  decade  of  Clark  University.  It  is  one  of  the  most  wonderful 
careers  to  be  chronicled  in  the  history  of  American  education.  I  congratulate 
you  on  your  eminent  success  in  conducting  your  University  in  so  efficient  a 
manner  toward  the  improvement  and  elevation  of  pedi^c^  in  the  United 
States.  Your  movement  is  all  the  more  valuable  because  it  challenges  the  aims 
and  purposes  of  the  present  existing  education.  It  is  an  elementary  force  in 
making  the  American  teachers  circumspect  and  reflectiTe,  and  causing  them  to 
seek  deeper  principles  on  which  to  ground  their  practice  and  on  which  to  im- 
prove it.  Hoping  that  there  will  be  a  long  series  of  equally  useful  decades  in 
the  history  of  Clark  University  and  in  your  own  successful  directorship  of  that 
institution, 

W.  T,  HiJWia,  WafihingWn,  D.C., 
Commit»ioner  tif  Sdueatton. 

I  cannot  refrain  from  ofFeiing  my  congratulations  to  the  President,  Trustees, 
and  Faculty  for  secuiii^  the  services  of  such  distinguished  lecturers,  as  well  as 
for  the  marked  success  that  has  attended  Clark  University  during  the  first 
decade  d  its  existence. 

Willis  L.  Moorb,  Waaktngton,  D.C., 
Oht^of  Weather  Bureau. 

1  most  add  my  profound  appreciation  of  the  great  work  for  the  highest 
scirace  that  is  being  accompli^ied  by  you.  The  solid  knowlec^  that  consti- 
tutes "Science"  is  a  rather  slow  growth — it  can  only  advance  in  proportion  as 
man  frees  himself  from  ancient  errors  and  evolves  higher  powers  of  observation 
and  reason.  The  fine  work  done  at  Clark,  the  excellrait  memoirs  published  by 
its  professors,  and  now  these  attractive  lectures,  give  us  all  the  assurance  that 
your  labors  for  the  highest  attainments  in  the  study  and  teaching  of  science 
will  he  ahundantlr  rewarded. 

n A — i    "'whlngton,  D.C, 


Congratulating  you  on  the  successful  rounding  out  of  the  first  decade  of  the 
University,  and  with  best  wishes  for  the  success  of  the  institution  in  the 

^"*  W.  J.  McQ«»,  Washington,  D.C., 

SmWitoniart  Inititution. 
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I  send  you  most  cordial  gieetinga  on  the  interestiiig  occaaion,  and  hope  the 
fatuie  of  Clark  Till  be  aa  suooessful  as  the  paat,  and  that  youi  plans  for  scien- 
tific reBearch  may  be  realized  in  the  fullest  degree. 

Cakboll  D.  WaiOBT,  Wuhlngton,  D.C., 
Committtoner  of  Lahor. 

One  may  veil  be  MiTioos  of  the  gratification  that  the  generous  founder  of 
Clark  University  mnst  feel  at  the  -world-wide  recognition  of  its  achieTementa 
during  the  very  first  decade  of  its  existence. 

To  have  established  a  jnst  claim  upon  the  regard  of  foremost  men  associ- 
ated with  educational  establiehments  in  this  country  and  in  Europe  is  of  great 
significance. 

The  work  that  the  Unirersity  has  done  and  is  doing  will  continae  to  attract 
to  its  halls  those  rare  geniuses  who,  impressed  with  the  transcendent  importance 
of  the  science  of  Pedagogy,  of  Physiology  and  Psychology,  seek  with  unfailing 
diligence  to  penetrate  their  inmost  depth.  This  work  can  scarcely  fail  to  exer- 
cise a  beneficial  influence  upon  the  schools  of  Uie  country,  and  become  a  distin- 
guished attraction  to  the  city  which  is  fortunately  the  home  of  the  UniTersity, 
whose  citizens  will  give  it  welcome  and  enoourt^ement  and  markedly  recognize 
the  munificence  of  its  founder,  as  well  as  the  labors  of  those  who  hare  in  so 
brief  a  time  established  it  among  the  foremost  seats  of  learning. 
AirDKsw  H.  Okseh, 

214  Broadaan,  New  York  Cits. 

As  I  shall  not  be  able  to  be  present  during  the  exercises  on  Monday,  July  10,  - 
celebrating  the  completion  of  the  tenth  academic  year  of  Clark  University,  I 
desire  to  express  in  writing  my  feelings  of  sympathy  and  my  strong  desire  for 
the  success  of  the  University,  and  also  to  extend  to  you  and  your  co-workers  my 
sincere  coi^atulations  on  this  auspicious  occasion. 

It  is  probably  true  that  the  initiative  step  of  the  institution  was  not  fully 
understood  or  appreciated  by  the  public,  but  during  the  past  ten  years  it  has, 
under  your  able  and  judicious  direction,  steadily  pursued  a  course  well  calcu- 
lated to  win  its  way  to  public  confidence  and  to  an  abiding  position  among 
the  most  eminent  and  distinguished  instdtutiona  of  learning  in  the  civilized 
world. 

The  entire  exercises  attending  the  celebration  are  calculated  to  draw  aside 
the  mystic  veil,  and  when  the  occasion  shall  have  been  numbered  among  past 
events,  the  general  public  will  be  led  to  see  and  know  Clark  University  in  the 
future  as  it  has  been  seen  and  known  in  the  past  by  distinguished  foreign  scien- 
tists and  educators. 

Yes,  rest  assured,  President  HaJl,  tiiat  before  the  last  hour  of  the  present 
century  has  been  struck  by  the  unerring  and  mighty  hand  of  time,  Clark  Uni- 
versity, the  fat-seeing,  noble,  and  generous  founder,  together  with  the  Univer- 
sity's learned  and  distinguished  first  president,  -will  have  been  crowned  by 
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troth  and  jnstioe  with  the  laurel  irreatli  of  victory,  exalted  merit,  and  nui- 
Teraal  appredation. 

Thokis  H.  DoDoa,  Esq., 
WoretaUr. 

Jambb  BsioB  begs  to  be  permitted  to  offer  his  consratulations  upon  that 
occasion. 

Will  you  please  convey  to  them  my  best  wishes  for  the  continued  prosperity 
of  Clark  University.  It  has  a  high  mission;  for  gathering  in  new  knowlei^ 
is  a  much  nobler  task  than  distributing  that  which  is  known,  useful  as  the  latter 
may  be. 

I  feel  confident  that  when  your  present  age  is  lengthened  tenfold  and 
youi  successors  celebrate  the  centenary,  they  will  hold  up  a  great  record  of 
infiuence  for  good  in  the  States  and  in  the  world. 

Pbofhsok  Miobabl  Fostes, 

Univer»Uy  of  Cambridge,  England. 

Thoi^h  thus  tariUly,  it  is  none  the  less  heartily,  that  I  congratulate  yon  and 
your  colle^^es  and  fellow-citizens  in  this  celebration  —  and  this  not  simply  on 
reaching  your  first  natural  period  of  retrospect,  but  on  the  worthy  manner  of  the 
celebration  also.  You  are  certainly  setting  forth  a  feast  of  rare  and  varied 
intellectual  fare,  and  thereby  also  giving  a  great  lesson  to  us  in  the  Old  World 
of  that  return  to  the  international  unity  of  universities,  which  it  is  fitting  that 
you  in  America  should  lead.  Again  accept  these  my  best  wishes  for  the  cele- 
bration, with  hearty  coi^ratulations  upon  your  vigorous  and  productive  youth 
— with  confident  hope  also  of  your  yet  more  productive  maturity. 

FzorBSBOs  T.  W.  Oeddkh, 

UnivertUg  of  Edinburgh,  Scotland. 

AsTHTTx  BibhathS  (Toulou,  France)  addresses  to  the  President  his  most 
SLQoere  prayers  for  the  prosperity  ot  the  University. 

I  address  my  wishes  for  the  brilliant  fnture  of  your  University. 
PaorBBOOK  Alfbbd  Btmt, 
Paris,  Franet. 

I  find  it  unfortunately  impossible  to  avail  myself  of  your  invitation,  for  I 
certainly  would  have  desired  to  enter  into  personal  relations  with  men  who  join 
to  their  high  science  a  largeness  of  view  seldom  to  be  met  with. 

PsonssoB  JcLBB  Tanvbrt, 
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My  oongratulatious  on  the  completion  of  the  tenth  academic  year  of  the  TTni* 
retsity,  vith  my  best  mehes  for  its  increase  and  prosperity. 

Fbofbbsob  Asolt  BAOineKT, 

UKtvenltg  of  Berlin,  Germanf. 

X  avaU  myself  of  this  oocanon  to  express  my  heartiest  wishes  for  the  farther 
prosperity  of  your  Unirersity.  I  rejoice  at  the  admirable  way  in  which  yon  are 
to  celebrate  the  foundation  of  your  institution,  thereby  showing  that  it  is  to 
remain  what  it  has  hitherto  been:  the  home  of  scieati£c  inrestigation  and 
cnltnre. 

FBonsBOB  Hxz  DiHom, 
Berlin,  Germanji. 

I  express  my  heartieat  wishes  for  the  prosperity  of  your  TJniTersity,  whose 
scientific  aotivily  baa  so  soon  won  for  it  a  high  place  among  the  nniTersities  of 
your  country. 

FKOrBBBOK  BbKHO  EBSlUIIir, 

Botut,  Qtrmanf. 

In  yoor  effort  to  unite  the  nations  under  the  banner  of  unselfish  scienoe, 
accept  my  most  ootdial  congratulations  and  wishes  for  prosperity. 
Fbofusok  Padl  Flbcbsio, 

Untverttty  qf  Leipsig,  Oermang. 

I  request  you  to  receive  my  sincerest  congratulations  to  this  academical 
solemnity,  and  the  expression  of  my  hope,  that  your  institution,  highly  ad- 
Tanced  through  many  difficulties  and  sacrifices,  may  enjoy  the  most  splendid 
prosperity  for  many  secnla. 

PaorssaoB  Eurer  Eixckil, 

Vhiwrtitg  of  Jena,  Oermoiiy. 

I  send  to  you  and  Clark  University  best  wishes  for  success. 

FaowEMfOR  Fbliz  Elsir, 

Univertiti/  of  CHSuingen,  GermoKg. 

Permit  me  to  express  my  warmest  wishes  for  the  future  prosperity  of  yoor 
University,  which,  called  to  life  ten  years  ago,  has  already  won  such  deserved 
success. 

FsonMOS  Etmn, 

UniwrtUv  of  Seidelbera,€hrmanji. 

Accept  my  heartiest  congratulations  on  your  approaching  celebration,  and 
may  it  be  the  dawn  of  a  still  more  momentous  era  than  the  preceding  one  has 
already  been. 

PKOnHOK  OBWjLLD  Kdlpb, 

UniverMi/  of  WUraburg,  ffermarqr. 
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May  the  foUowii^  deceimima  of  Clark  UniTeraity  be  prosperoas  in  its 
dflTslopment  and  rich  in  soientifio  resnlta. 

Prorsbok  Lnnmiuint, 

IThJvM-riti/  0/  JflincAtfn,  ffennany. 

I  express  my  good  visliea  on  the  oooasion  of  the  celebration. 

PxorBMom  Max  NoBTaxB, 

mtfoflvUv  oj  EHtmgen,  OtnuMtf. 

I  do  not  want  to  let  slip  the  opportunity  of  expieesing  my  beet  wishes  for 
the  UniTersity  which  has  done  eo  much  for  science,  and  is  spoken  of,  particu- 
larly in  Qcimany,  with  the  highest  respect  and  esteem. 

PBOnUOB  Bakei, 

UnivtnitB  of  if\i»ehtn,  Ocnnantf. 

mth  the  best  wishes  foe  the  growth  and  sucoese  of  your  TJoiveisity, 
FsonwoR  W.  Bbih, 

ITnAwnAy  of  Jetw,  Oernui*Tf. 

I  offer  my  best  wiahes  fox  the  welfare  and  progress  of  the  University. 
FBorauoa  C.  Kmoa, 

Hannovtr,  OerrtuMf, 

Permit  me  to  send  my  heartiest  congratulatioDS  on  this  celebration.  Under 
yonr  guidance  Clark  University  has,  in  the  ten  years  of  its  existence,  already 
won  for  itself  a  high  reputation  in  the  whole  scientifio  world.  May  the  second 
decenninm  continue  like  the  first  to  advance  sod  increase  science,  and  may  It 
be  granted  to  you,  Ur.  President,  for  many  years  to  come  to  be  the  standard- 
bearer  of  the  scientifie  labors  of  Clark  University. 

pKOFBiaoB  Ekkkuik  Sohillbs, 

Univenitf  of  Cfieuen,  Gantanji. 

'Vnahii^  the  TJniTersiliy  farther  prosperity  and  progress, 

FrOFBSSOK  7.    SOHITB, 

Earitrvhe,  Qermanv. 

I  remember  my  sojourn  in  Amerioa  and  the  kind  reception  which  I  met 
with  in  Worcester.  I  should  rejoice  to  have  the  opportunity  to  renew  the 
hospitality  shown  me  by  yourself  and  by  your  colleagues. 

PxorxssoB  E.  Sttst, 

UravenOji  of  Grefftvald,  Qenmnii. 

Mqr  the  young  University,  which  has  already  developed  so  auspicionsly, 
eontinne  according  to  the  old  saying:  Vivat,JlorecU,crescatI 

Fbofbhob  Walsbtbb, 

I7»fcer*ay  o/Berli*,  (hrmmf. 
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I  ahonld  iLave  slso  been  espeoiaUy  desltooB  of  bringing  to  70a  my  own 
reoc^oition  of  wbat  has  hiUierto  been  accomplished  and  my  cordial  viBhes  foi 
the  future.  I  follow  with  great  interest  particularly  the  psychological  works 
which  proceed  from  youi  University  and  are  published  in  the  American  Journal 
of  Payckology.  I  Imve  always  received  from  them  the  impression  that  the 
psychological  and  pedf^t^cal  departments  of  your  University  belonged  to  the 
most  important  institutions  of  their  kind. 

May  Clark  University  complete  the  second  decennium  of  its  existence 
with  like,  and  where  possible,  increasing  glory  I 

pBorxHOK  W.  Wntmr, 

Unlver$iti/  of  Le^tig,  Germanj/. 

Accept  my  wannest  wishes  for  the  development  of  the  University. 

FsonusoH  Ed.  Wetb, 

Univertitg  <^  Froffue,  Auitria. 

I  feel  a  great  pleasure  in  congratulating  your  Clark  University  on  the  cele- 
bration of  the  festival ;  and  allow  me  to  express  the  hope  that  your  University 
may  extend  its  activity  with  every  year  to  the  honor  of  its  President,  its 
Trustees,  and  all  its  Members. 

PnoFBsaos  B.  E.  HsmcHan, 

I  beg  yoQ  to  receive  my  cordial  congratulations  on  the  occasion  of  the 
beautiful  decennium  which  your  University  has  completed.  X  hope  that  this 
seat  of  learning  shall  have  a  future  correspondingly  to  the  excellent  manner  in 
which  it  has  began  its  life. 

PKOVBtSom  H.  HorrDHra, 

Vnivtrtiti/  of  CopenAofiM,  DttvoiaTlu 

I  beg  to  present  my  sinoere  coi^atnlationB  upon  the  erection  of  a  scientiEc 
eentre,  the  decennium  of  which  yon  are  to  celebrate  in  so  fitting  a  manner. 

PXOTBHOH  Zbutkkh, 

XJtdatfi^  of  Copenhagen,  Denmark. 

I  send  you  the  beat  wishes  for  the  success  of  your  celebrated  University, 
Peovbhos  Vito  Voltebra, 

[7ni««rt%  of  TuHn,  Balj/. 

Eternal  ptoapeiity  to  the  vigoioos  propagator  of  light 

^OFSHOK   BTErBAItOB, 

University  <^  Athene,  G'rMOf. 

Ds.  Wssurr  H1L14  (MoG^ill  Universitf,  Montreal,  Canada)  wishes  the  Uni- 
versity every  success  in  the  future. 
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With  best  wishes  for  the  oontmued  proBperity  of  Clark  UiuTeisity, 
PmorsssoR  J.  Squiib, 

UnivertUy  of  Toronto,  Canada. 

Pkesidxitt  Ajtsbli.  (UniTereity  of  Michigaa)  congratulates  them  on  the 
oseful  work  which  the  UiuTersity  baa  already  accomplished. 

With  hearty  congratulations  for  what  you  have  already  achieved  as  President 
of  Clark  University,  and  in  fnll  assurance  of  a  great  future  before  you, 

HiMmr  Bamtard,  Hartford,  Conn., 

-ffie-ET.  8.  CommOdoner  o/EiwuOUm. 

Wn^iAM  W.  BiBDSAu.  (President  Swarthmore  College)  desires  to  extend 
congratulations  upon  the  completion  of  the  tenth  year  of  Clark  University. 

I  congratulate  yon  most  heartily  on  the  splendid  work  which  Clark  Uni- 
versity has  accomplished  during  the  ten  years  of  its  existence.     ITothing  in 
oox  educational  work  has  reflected  greater  honor  upon  the  American  system 
than  the  high  ideals  so  successfully  maintained  at  Clark  University. 
FaxanixHT  Johh  S.  Bbadlbt, 
IlUnoU  Collegt. 

Good  wishes  to  the  University  in  all  its  undertakings,  and  congratulations  to 
President,  Trustees,  and  Faculty  upon  the  completion  of  ten  years  of  distin- 
guished UBefulnesB.  Pbommob  C.  l.  Bbutoi, 
yew  Tork  Univenitg. 

My  deepest  wish  is  that  Clark  may  do  as  much  more  for  the  advancement  of 
science  and  the  deepening  of  the  trae  nniveraity  spirit  in  the  next  decennium 
as  it  has  in  the  one  now  closing. 

FxonHOB  Edwakd  T.  BncxmR, 

Teacli«r$'  College,  Nete  Tori  Citf. 

I  beg  leave  to  extend  to  you  my  most  sincere  congratulations  on  the  work 
that  Clark  Unirersity  has  accompli^ed  under  your  guidance,  since  the  time  of 
its  founding,  ten  years  ago. 

As  a  Fellow  of  the  University,  I  enjoyed  opportunities  for  work  that  other 
institutions  could  not  afford,  and  I  found  your  efforts  to  provide  books,  instru- 
ments, and  material  as  effectual  as  they  were  untiring. 

As  a  Graduate  I  have  found  inspiration  in  your  zeal  for  the  furtherance  of 
all  that  can  advance  education  and  science. 

I  have  followed  the  development  of  the  University  with  prida  The  first 
high  ideals  have  not  been  lowered,  and  Clark  remains,  as  it  was  at  its  fotmda- 
tion,  a  University  tor  Universities. 

Pkofxhok  H.  C.  Bcmpit*, 
Brovm  UniverMv- 
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No  nndertakiiig  nor  moTement  has  made  ao  cleai  and  definite  imptesa  upon 
the  educational  thought  of  America  nor  established  guiding  lines  of  control 
BO  distinctly  in  pedagogical  and  psychological  progress  as  the  suggestions  and 
tendencies  which  have  emanated  from  Clark  nniverBity.  Though  the  institu- 
tion is  yet  in  its  infancy,  though  the  students  in  point  of  numbers  have  been 
limited,  yet  its  influence  has  penetrated  eveiy  state  in  the  Union,  has  entered 
practically  every  educational  institution  of  the  land,  from  umveraity  to  kinder- 
garten, and  has  quickened  the  spirit  of  educational  conferences,  from  those  of 
national  repute  to  those  of  the  little  teachers'  meetings  of  the  village  school. 

Oranting  the  truth  of  the  educational  view  for  which  Clark  University 
stands,  and  allowing  for  the  singularly  forceful  methods  of  instruction  by  the 
President  and  Faonlty  within  the  institution,  and  the  energy  with  which  its 
mission  has  been  prosecuted,  it  is  nevertheless  still  a  marvel  that  its  influence 
should  have  become,  in  this  brief  space,  so  widespread  and  vigorous.  The  facts 
which  stand  prove  the  wisdom  of  the  plan  of  an  institution  which  should  be 
exclusively  graduate,  selecting  as  its  students  a  limited  number  of  mature 
thinkers  who  should  be  inspired  by  the  power  which  ever  comes  from  the  con- 
tact with  original  investigation  and  a  faculty  of  original  investigators. 

Frbdirick  Bdrk,  JYMident  SMe  XormtU  Seluiol,  Ban  Franeiteo,  and 

Fruldent  Olark  Uttivtnitv  Mumni  Auoeiattoti  of  California. 

I  send  my  best  wishes  for  the  suooess  of  the  anniversary  exercises  and  for 
the  oontinued  and  enlarged  prosperity  of  the  University. 

FiBSOBHT  NArHANIBL  BUTUB, 

Colbt  Univertl^. 

Kindly  accept  my  congratnlationa  upon  the  completion  of  yonr  tent^  aoar 
demic  year, 

Fboixuob  R.  E.  Cbittwideh, 

Direetor  Shtffltld  Seietttifle  School. 

I  desire  to  congratulate  the  Faculty  of  the  University  on  the  great  work 
accomplished  within  a  comparatively  short  period. 

Bbothkb  CaKnosTOH, 

XankatUxA  CoUeg*. 

We  rejoice  with  your  many  friends  in  the  successful  rounding  out  of  Clark 
University's  first  decade.  It  is  a  consolation  to  the  generous  benefactor  that 
the  world  recognizes  the  merit  of  the  Institution,  which  his  munificence  estab- 
lished and  TnaintaiTiq  Coming  into  existence  the  same  year,  holding  similar 
views  as  to  the  place  of  graduate  work,  having  the  highest  ideals  of  university 
endeavor,  strivii^  earnestly  to  realize  them  in  spite  of  all  difficulty,  our  two 
Universities  have  always  felt  strong  attachments  for  one  another,  and  a  more 
than  ordinary  iotei«8t  in  one  another's  suooess.     The  Catholic  University  ten- 
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den  yon  ita  most  cordial  greeting  on  thia  tlie  day  of  your  rejoicing.  It  bida  me 
extend  to  yoa  uid  througli  you  to  the  UnirerBity  its  most  sincere  wishes  foi 
still  h^lieT  aud  gteatei  success  in  ita  chosen  fields. 

Thos,  J.  CoKATT,  ■Waghlngton,  D.  C, 
Rector  Catholic  Univenity. 

With  many  oongiatulatioiu  on  the  past  ten  years'  work  of  the  UniTersi^, 
Pbofbbbok  Cnxas,K»  S.  Cbou, 

MoMoehmetU  7nsM(ut«  <tf  Teehnologg. 

Pkopessob  C.  B.  Datenfobt  (Harraid  UniTersity)  desires  to  express  his 
appreciation  of  the  brilliant  example  of  research  as  a  primary  tmiversity  fuiuy 
tiOQ  vhich  Clark  University  has  for  a  decade  set. 

The  UniTeTsity  and  all  conneoted  with  it  are  to  be  ooogratulated. 
Frotxbsob  Ellbrt  W.  Datii, 
Univmitg  ofNebraika. 

1  desire  to  express  my  appreciation  ot  the  splendid  work  done  by  Claik 
UniTersity  dniii^  these  tea  years. 

FxonBSOR  NATBAvmi.  F.  Datis, 
frown  Untvertitf. 

I  must  content  myself  with  rejoicing  over  the  unique  intellectoal  enterprise 
you  are  carrying  out  I  may  not  be  informed  regarding  such  matters,  but  it 
seems  to  me  you  hare  accomplished  a  sort  of  scientific  coup  d'itat  in  getting 
such  a  group  of  scholars  to  come  to  America  upon  the  occasion  of  yoor  anniver- 
sary. As  a  disciple  of  Clark  University,  and  an  admirer  of  everything  it  stands 
for,  I  take  pride  in  the  impression  that  must  necessarily  be  made  upon  Ameri- 
can scholarship  by  the  visit  of  such  men.  I  congratulate  aU  of  you,  and  hope 
that  everything  you  desire  in  connection  with  the  series  of  lectures  may  be 
realized. 

FsorEMOB  QaoxoB  E.  Bawkw, 

Bible  JVormoI  College,  Sprittfi/Md,  Moat. 

FsEsiDEirF  Sbowh  fd  Lehigh  University  b^a  for  his  colleagues  and  for 
himself,  to  offer  his  hearty  congratulations  to  the  President,  Trustees,  and 
Tacolty  of  Clark  University  on  the  completion  of  a  decade  of  usefulness  in 
the  higher  education,  marked  by  distinguished  services  in  many  lines  of 
original  research. 

Permit  me  to  express  my  admiration  of  the  work  yoa  have  done  and  are 
doii^;. 

pKOriuoR  WiLLiui  p.  DUXIBM, 
Soban  CoUtgt. 
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Let  me  aaanie  70U  that  we  are  all  grateful  for  what  Clark  UniverBil^  is  do 
ing  for  sound  education  in  this  country,  and  I  can  only  hope  that  you  may  hare 
many  auccessfnl  years  in  the  development  of  the  work  which  you  are  doing. 
S.  T.  DiniTOH,  Brookline,  Mass., 

SuperintendeiU  of  SehooU. 

In  the  opinion  of  many  who  have  studied  there,  the  peculiar  advantage  of 
Clark  University  is  mainly  attributable  to  the  dose  and  personal  relations 
between  professors  and  students  under  which  the  work  is  conducted.  The 
formal  lecture  delivered  to  a  body  of  men  in  the  class-room  has  but  little  of  the 
stimulative  force  imparted  by  a  conversational  discuBsion  with  the  man  alone  in 
the  lecturer's  private  study,  and  too  great  praise  can  hardly  be  given  to  the 
members  of  the  faculty  of  Clark  for  their  constant  and  generous  sacrifice  of  time 
to  this  most  helpful  method  of  instruction.  The  frequent  assignment  through- 
out the  course  of  problems  involving  research  leads  to  the  beat  of  training  for 
the  later  performance  of  original  work,  and  the  presentation  in  the  lecture-room 
of  the  results  thus  obtained  gives  experience  in  the  work  of  the  lecturer.  In 
perhaps  no  other  institution  are  these  methods  of  the  personal  conference  and 
the  "  colloquium  "  so  constantly  applied ;  no  doubt  such  methods  are  impossible 
in  most  larger  universities  at  present ;  and  one  can  hardly  imagine  such  a  course 
followed  with  more  kindness  and  devotion  at  any  time  than  is  now  the  case  at 
Clark. 

Provbuok  IFbxdxkice  C.  Fbrkt, 
Wmiamt  CoUtgt. 

1  take  this  means  of  expressing  my  interest  in  the  noble  succeas  of  the 
Universi^,  and  of  wishing  it  continuance  and  increase. 

Babbi  Chibub  Plxisobib, 
Boston,  M<us. 

Congratulating  you  and  the  University  upon  these  years  of  aohievemenl^ 

AUOB  C.  Flxtcbss, 

WaaMngton,  D.  C. 

I  rejoice  in  tlie  prosperity  of  your  institution  because  it  is  one  which  sends 
forth  its  light,  not  only  for  the  few,  bat  for  the  many. 

PBBSiDmr  Wm.  Qoodbu.  Pkost, 
Berta  College. 

Though  my  stay  with  yon  was  short,  yet  it  meant  the  inspiration  that  took 
m«  abroad  aad  pushed  me  cm  to  undertake  important  work. 

Fbofbmor  Johh  p.  Fbur, 

WiUitm  JtwH  CoOtgt. 
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The  Johns  Hopkins  UiiiverBity  sends  its  cordial  gteetangs  to  the  President, 
the  Trustees,  and  the  Faculty  of  Clark  University,  on  the  completion  of  its  first 
decennium,  with  congratulations  upon  its  suocessful  maintenance  of  high  ideals, 
and  with  best  wisties  for  its  continned  prosperity  and  power. 

PsKiiDaHT  Danibl  C.  Gilmam. 

I  must  add  my  congratulations  on  the  success  of  your  work,  and  my  good 
wishes  for  its  continuance  on  even  a  larger  scale. 

Pbofbibob  Giokob  L.  Goodalb, 
Banard  UaivtrtU^. 

Every  educator  especially  owes  a  debt  of  gratitude  to  Clark  for  the  fearless 
work  it  has  done  in  breaking  down  blind  prejudice  and  advancing  the  truth. 

PKOrklMR  JOBM  T.  Okabam, 

UnievrtUv  ofAlabatna. 

Yon  have  certainly  arranged  a  most  dignified  and  impressive  series  of 
lectures — wholly  congruous  with  the  work  which  you  have  been  doing  dniing 
the  decade. 

FaorsuoK  Edwabq  H.  QKirmi, 
Johnt  .Bopjfcint  UnivenOy. 

Ton  will  please  accept  the  assurance  that  I  am  very  glad  indeed  that  your 
institution,  which  has  already  done  so  mnoh  for  the  cause  of  progressive  educa- 
tion, has  thus  shown  its  vitality  and  power  of  endurance.  No  doubt  these  ten 
years  have  meant  much  struggle  and  anxiety  on  the  part  of  those  whose  heart 
was  in  the  work.  Others  may  be  able  to  express  their  appreciation  of  this  work 
with  greater  eloquence,  but  none  csn  be  more  sincere  and  thankful  than  I  am. 
Truly,  if  there  is  such  a  thing  as  a  science  of  education  in  this  country  now, 
Clark  University  .  .  .  (has)  contributed  the  largest  share  toward  this  accom- 
plishment To  me  (its)  work  has  meant  an  awakening  and  uplifting  hardly 
equalled  by  any  other  influences  that  have  worked  upon  my  souL  May  your 
anniversary  week  be  a  thorough  success. 

Faor>B80K  M.  F.  E.  GftOMMAm, 

Allow  me  to  extend  cordial  congratulations  on  the  auspicious  event. 

pKOtBSSOR  ChAKLH    W.    HABAItT, 

SgraouMe  I7»liiersf(p. 

I  extend  for  the  University  of  Uaine  hearfy  coi^^tulataonB,  and  wish  oon- 
tinned  pnnpflrity  for  the  fnture. 

PSBSISBHT  A.  w.  Hasku, 
Univertltjt  of  Maine. 
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I  send  yoa  my  hear^  oongratnlatiotia  on  yova  decennial  celebration. 
Pbuidbbt  Waltib  L.  Hbbtbt, 

Teaeheri'  College,  Jftw  York  CUg. 

I  congratulate  yon  and  the  Trnstees  and  Faculty  upon  these  Buccessful  years 
of  your  University  work,  and  upon  this  most  appropriate  mode  of  celebrating 
the  anniveraaiy.    It  is  a  mode  worthy  of  universal  following,  and  will,  without 
doubt,  be  more  and  mote  adopted  l:^  ooi  institntiona  of  higher  learning. 
FaoraBBOK  O.  H.  Howisoh, 

Vhivenitfi  of  Caltfomia. 

Allow  me  to  offer  my  congratulationa  to  you  especially,  and  to  your  associ- 
ates, for  the  marked  sncceaB  which  has  attended  the  career  of  Clark  University. 
We  have  felt  that  it  not  only  increases  the  resources  of  high  education  for 
youth,  bat  it  stands  for  progress  and  enlightenment  in  the  commonwealth  and 
the  country  at  large.  There  is  a  justifiable  pride  on  the  part  of  those  who  love 
earnestness  and  progress  in  edueajtional  matters,  as  they  review  the  past  of  this 
institution,  into  whose  good  name  and  wide  scope  of  influence  you  have  thrown 
so  much  of  your  personal  enthusiasm  as  well  as  your  scholarly  ability. 
Bzv.  I!i>WAU>  A.  HOBTOv, 
Boston,  Xa$*. 

I  have  many  pleasant  memories  of  a  year's  piofitaUe  work  at  Clark,  and 
tqoice  in  the  continued  Buooeas  of  Clark  University. 

FmiMsov  L.  S.  H(ii.HtrBT, 

Johnt  mpUM  (TMventty. 

The  pTf^inunme  presented  is  most  attractiTe  and  inspiring,  I  congratulate 
yon  upon  the  aoooessfnl  work  of  the  past  ten  years. 

Db.  Hkubt  H.  Hubd,  BftltliiioTe,  Md., 
St^erinUndtiU  John*  Hopkitu  So^ital, 

I  can't  help  expressing  to  you  my  feeling  of  satisfiuition,  and  repeating  the 
aatasfaction  I  heard  such  men  as  Cattell,  Boyce,  Van  Gieson,  Mllnsterberg,  and 
Putnam  express,  with  the  excellent  good  taste  and  refinement  of  your  little 
celebration.  All  the  refinements  of  the  world  seem  now  to  take  refuge  in  the 
smaller  things ;  the  bigger  ones  are  getting  too  big  for  any  virtue  to  remain  with 
them.  You  have  done  something  originsJ  and  succeeded  perfectly,  from  the 
point  of  view  of  the  passive  "  assistant." 

Pbotxbsob  WiLLiuf  Jakbs, 
Hanard  Vntvertitf. 

I  beg  yon  to  accept  my  heartiest  congratulatioDa.  Each  year,  I  sincerely 
believe,  finda  me  more  grateful  and  appreciative  of  the  privileges  I  enjoyed  at 
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Clark,  aad  especially  do  I  lealize  more  and  more  what  yon  y ooreelf  did  for  me. 
I  trost  yon  may  be  spared  health  and  vigor  many  years  to  come  in  your  labor, 
tat  yon  are  doing  a  great  work. 

Geoboi  Z.  Johksof,  Andover,  Mass., 
Superintendent  of  Schools. 

I  have  been  very  deeply  interested  in  the  -work  of  Clark  UniTeraity,  and  in 
the  way  it  has  held  to  its  high  purposes  regardless  of  pressure  of  all  sorts  in 
other  directioDs.  .  .  .  Stanford  congratulates  Clark  on  ten  years'  noble  irork 
for  high  thoi^ht  and  accurate  investigation. 

FsaanWHT  Datis  S.  Jobiu)', 

Leland  Stanford  Jr.  Uni<ier»itg. 

For  myself  and  aU  the  staff  of  the  TTnirersity  of  California,  I  send  yon 
hearty  congratulations  and  good  wishes.  You  have  not  attempted  to  do  as 
many  things  as  some  other  universities,  bat  what  you  have  attempted  yon  have 
done  exceedingly  well.  If  excellent  work  is  the  standard  of  true  success,  you 
have  been  saccessful  among  the  foremost. 

May  your  achievements  and  your  reputation  gain  still  greater  lustre,  and 
your  edncatitmal  work  confer  still  larger  benefits  on  succeeding  generations. 
Prbsuwnt  Martin  KiLLOoa, 

Univenitt  of  California. 

Hay  I  say  that  I  think  you  have  taken  a  most  admirable  course  in  the  char- 
acter of  this  celebration,  and  that  I  wish  yon  every  success,  not  only  on  this 
occasion^  but  in  all  the  future  years  of  the  University. 

Fbopxbsob  J,  S.  KnTaii.BT, 
r^n*  Oollege. 

I  r^^t  more  than  I  can  express  my  inability  to  be  present  at  the  decennial 
celebration  of  your  noble  institution,  and  to  hear  the  splendid  series  of  lectures 
which  you  have  provided. 

FeorBssoK  Jobeph  LsCoina, 

University  of  California. 

It  is  a  pleasure  to  me  to  join  in  the  celebration  of  the  first  decade  of  Clark 
University.     The  method  of  celebrating  the  event  is,  I  think,  exceedingly  fit- 
ting.   I  enjoyed  several  of  the  most  interestii^  years  of  my  life  in  the  lectuie- 
rooms  and  laboratories  of  Clark,  and  always  recall  tiiem  with  great  satisfaction. 
FBorusom  J.  S.  LiHon,  Wuhlngtou,  D.C., 
Columbian  UniwrtUy. 

Clark  University  stands  unique  among  the  universities  of  this  country  in  the 
work  which  it  is  attempting  to  do.    Ifo  other  institution  has  done  more  in  the 
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line  of  origm&l  investigation,  nor  given  doting  the  same  period  greater  inspira- 
tion to  the  edncatots  of  the  country. 

Fkofxhob  Q.  W.  a.  Luokxt, 
UnivenUy  of  Nebratka. 

Permit  me  to  congratolate  heartily  the  President,  Trustees,  and  the  Facolty 
of  Clark  Universily  upon  the  completioTi  of  the  tenth  academic  year  of  the 
trniversitj. 

PsaBiDBKT  GEOsac  E.  HacLzut, 
UniMTtUg  ofNtbnuka. 

We  appreciate  the  great  work  dime  by  Clark  University,  and  send  every  best 
wish  for  iite  future. 

Pbxudbnt  JxMxa  G.  K.  McCldbb, 
Lait  Foret  UnivertOs. 

I  have  the  highest  feelii^  of  regard  for  Clark  University,  for  T  feel  that  I 
ore  much  to  it.  Its  conception  is  the  broadest  and  best  of  all  our  institutions, 
and  I  hope  the  time  will  come  when  it  can  broaden  out,  and,  all  obstacles 
beii^  removed,  go  on  to  its  full  completeness. 

PBOrBSSOK   WlLLUII    B.    MlbUtK, 

Untvertity  of  Witeouttti. 

When  one  thinks  of  the  amount  of  light  that  has  spread  from  Clark  Univer- 
sity and  of  the  place  that  it  fills  in  American  education  to-day,  it  is  hard  to 
realize  iliat  no  such  institution  was  in  existence  tev  years  ago.  Please  accept 
my  most  sincere  coi^atulations  to  this  auspicious  event,  with  the  hope  that  a 
long  series  of  years  of  vigorous  activity  may  be  granted  to  you,  so  that  you  may 
lead  the  University  to  ever  new  achievements,  and  continue  to  benefit  the  cause 
of  education  in  the  future,  as  you  have  so  splendidly  done  in  the  past.  Vivat, 
Jtoreat,  creacai. 

Nao  York  Univtnitn. 

It  is  with  very  great  regret  that  I  find  it  impossible  to  attend  the  rich  cele- 
bration you  have  prepared  for  the  &iend8  of  Clark  University  and  of  all  the 
forward  movements  in  science  for  which  you  have  made  Clark  University  stand, 
and  wish  the  University  loi^-continued  and  increasing  prosperity. 

PROrSMOK  E.    H.    HOOBE, 

Univenitg  of  Chicago. 

My  participation  in  the  treastues  you  offered  was  thus  limited  to  one  day  — 
but  this  one  day,  with  the  three  lectures  I  listened  to,  and  the  very  interesting 
men  I  met,  was  so  agreeable  and  valuable  that  I  feel  the  desire  to  thank  you 
warmly  for  the  distinguished  and  exquisite  pleasure.  I  take  special  pleasure 
in  combining  with  my  personal  thanks  my  congratulations  to  the  high  success 
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of  the  celfibiation  and  my  very  best  wialieB  for  the  next  ten  years  in  the  life  of 
GUrk  UnlTersity. 

PbOFBSSOB   HDOO   HtJKBTIBBEBa, 

Harvard  Univerttty. 

Permit  me  to  expreas  here  my  sincere  admiration  and  respect  for  the  aims, 
ideals,  and  plans  of  Clark  University ;  these  are  of  such  an  ideal  character  that 
they  are  bonnd  to  interest  profoundly  every  man  vho  loves  science  for  its  own 
sake. 

PsorBUOK  J.  n.  N«r, 

Univertitf  of  CMeagO' 

Permit  me  to  offer  my  hearty  congratulations  on  the  work  done  and  the 
progress  made  in  the  ten  years  of  Clark's  existence,  to  express  the  hope  that  the 
fatore  may  be  marked  by  even  greater  aohievements. 

PKEln»irT  CiBns  Nobtbsop, 
Untverttty  of  Minnesota. 

Clark  University  does  well  to  celebrate  in  such  a  becoming  manner  the  noble 
service  which  she  has  rendered  to  higher  education  in  this  country.     May  the 
next  ten  years  be  no  less  fmitfnl  and  helpful  to  those  who  have  become 
accustomed  to  loc^  to  Claik  UniTeislty  for  inspiration  and  guidance. 
PBarHsOB  F.  W.  Oibokn, 

Jdetphi  CotUge,  Brooklgn,  K.  T. 

I  write  to  congratulate  yon  most  cordially  upon  your  celebration  of  the  com- 
pletitm  ctf  the  tentJi  academic  year  of  Clark  University. 

Pkofbibob  HEHsr  7.  Osbobx, 
Columbia  UnUierttti/. 

Allow  me  to  congratulate  yon  upon  these  lectures,  and  also  upon  the  remark- 
able resnlts  which  yon  have  been  able  to  accomplish  in  ten  years  in  connection 
with  Clark  University. 

Fbovbssob  O.  T.  W.  Patbiok, 
Untventtg  of  Iowa. 

The  Provost,  Trustees,  and  Faculty  of  the  University  of  Pennsylvania 
present  their  cordial  congratulations  to  the  President,  Trustees,  and  Faculty  of 
Clark  University  on  the  hapi^  completion  of  the  tenth  academic  year  of  the 
Univetsity. 

The  President,  Trustees,  and  Faculty  of  Clark  University  certainly  deserve 
the  thanks  of  all  those  interested  in  the  cause  of  education. 

PBOraaaoK  GaOHOB  H.  Pbidb, 
VanderbiU  Untvatit]/. 
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Pray  accept  coi^iatalationa  on  the  oompletioii  of  a  decada  of  grand  voik, 
aod  oa  the  piospects  of  even  better  work  for  the  future. 

JoHM  T.  PaiBDi,  West  Newton,  Uass., 
Agent  State  Board  of  Education. 

I  send  mj  heartiest  congratulations  on  the  great  achievements  of  Clark 
TTnivenity  during  its  first  decade,  and  express  my  sincereat  desire  that  its  ose- 
folneas  may  continue  and  expand  for  many  centuries  to  come. 

PaorBMOK  Ebvbt  Richaki^ 
JVew  Tort  City. 

Pbesidbnt  H.  W.  Boosks  (Northwestern  University)  desires  to  extend  the 
congratulations  of  Northwestern  University,  ae  well  as  his  own,  upon  the  great 
success  of  Clark  University  and  the  distinction  it  has  attained  in  the  academic 
world. 

Jakss  E.  Bussbll  <l>ean,  Teachers'  College,  New  Yorit)  wishes  to  convey 
to  the  President  of  the  University  his  best  wishes  for  the  continued  success 
and  prosperity  of  the  institution. 

FBBSiDBm  L.  Clabk  Seelyb  (Smith  College)  offers  his  hearty  congratula- 
tions on  the  important  educational  work  it  has  already  accomplished. 

With  sincere  thanks  and  hearty  congratulations  on  the  auspicious  occasion, 
Profemob  Jjiua  Site, 

CoIumMa  UnivvnUff, 

Meanwhile  I  wish  to  join  in  the  many  congratulations  I  am  sure  you  will 
receive  upon  the  quiet  and  dignified,  but  none  the  less  eminent,  manner  in  which 
Clark  University  has  carried  on  the  work  of  the  past  decade,  and  upon  the 
manner  in  which  it  has  reflected  honor  upon  American  soholarahip  in  soieuoe 
and  philosophy. 

Albikt  Ssaw,  New  Toik,  N.  T., 
EditOT  Bevlev)  of  Beeiews, 

We  shall  always  be  grateful  for  the  work  that  has  already  been  accomplished 
by  the  University,  and  especially  for  the  ideals  which  it  has  brought  to  the 
coUeges  and  universities  of  the  West  With  high  personal  regard  and  warmest 
congratulations  from  out  faculty, 

Pbxridbkt  William  7.  Si>ociiic, 
Colorado  CoUege. 

With  best  wishes  for  the  success  of  the  celebration  and  for  the  continued 
prosperity  of  your  institution, 

FKMinairr  F.  H.  Smow, 

[Thfwrttty  of  Kantat, 
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Allow  me  to  congratulate  the  TJniyerBity  upon  ita  happy  completion  of  ten 
years'  life  and  vork,  and  to  wish  it  a  long  and  prosperous  future. 

PKOngBOB   FSBDBSICK   SlAKR, 

Univtnttn  of  Chicago. 

I  Irish  to  send  mj  ooidial  oongratalationB  and  my  wish  that  the  next  ten 
jreais  ma;  witness  the  coning  to  the  ITuiTersity  of  such  ample  endowments 
as  will  enable  it  to  accomplish  its  high  ideals. 

F&BIIDKNT  JaUB   M,  TlTLOB, 

VoMor  CoUege. 

Please  accept  my  best  wishes  for  c(nitiiiued  prosperity. 

FSBBIDBHI  W.  O.  Thompsom, 
OUo  State  Univtraiig. 

I  do  not  like  to  let  the  present  occasion  pass  without  intimating  to  yon  my 
appre(»ation  and  admiration  of  the  methods  and  aims  of  uniTersity  work  for 
which  Clark  Univenity  has  stood  in  the  past,  and  will,  I  hope,  stand  in  a 
long  and  prosperous  future.  My  recent  visit  to  "Worcester  merely  confirmed  a 
belief  which  I  have  loi^  held,  —  tliat  the  type  of  man  that  Clark  Unirersitf 
calls  to  its  professorial  chairs,  and  the  type  of  man  that  it  sends  into  active  life 
at  the  close  of  its  three  or  four  years  of  graduate  study,  are  types  that  represent 
the  highest  ideal  of  Bcholarship,  and  are  the  very  salt  of  American  society.  I 
hope,  most  sincerely,  that  the  comii^  celebration  will  prove  to  be  the  door 
through  which  you  snd  the  Univeisily  pass  to  greatly  extended  activity  upon 
yooT  own  high  leveL 

PaorBWOH  E,  B.  TrTCRxraa, 
Cornell  Vhivertitf. 

I  wiab  to  express  my  sincere  appreoiation  of  the  service  to  education  and 
investigation  which  Clark  University  is  thus  undertaking,  a  service  which  is 
eminently  in  harmony  with  the  work  of  Clark  University  from  the  beginnii^. 
FsoFBsaoB  Jawb*  H.  Tufts, 
Univenitji  of  Chicago. 

I  wiah  to  extend  my  hearty  congratulations  on  the  successfnl  work  of  the 
Univeni^  daring  the  last  ten  years,  and  my  best  and  most  hearty  good  wishes. 
PsonuoB  JOBM  M.  Ttlbx, 
Amhent  College. 

Fbofkmob  Heitsy  B.  Wabd  (University  of  Kebraska)  extends  to  t^ 
President,  Tmstees,  and  Faculty  his  congratulations  npon  the  occasion,  and 
best  wishes  for  the  continued  success  of  the  institution. 
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I  express  my  Bincere  congratulations. 

Utiiverftty  of  Chicago. 

Witli  beat  wishes  for  the  success  of  tlie  UnirerBity, 

Frofbbsob  J.  B.  Wbbni, 
lovM  State  College. 

Please  aocept  oongratolations  npon  tke  honoiable  record  of  these  ten  com- 
pleted years.  The  distinguished  service  of  yourself  and  the  TJnlTersity  have 
made  the  whole  world  youi  debtor. 

Pbbbidbnt  B.  L.  Whitiiin,  WaBhington,  D.  C, 
ColvmbUm  UntvertUg. 

The  Clark  University  ideal  as  1  understood  it,  when  connected  with  its 
early  work,  is  the  ideal  which  I  place  above  any  others  thus  far  proposed,  and 
I  hope  that  it  may  find  stioi^  friends  to  help  it  forward. 

FsOFBSHOR  CBiMLtt  0.  Wartitxw, 

UnioertitV  of  Chicago. 

Pbofbssos  a.  W.  Wriqht  (Yale  Univeisity)  sends  congratulations  and 
best  wishes  for  the  prosperity  of  the  University. 
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Bt  G.  Stamlkt  Hall,  FreBident  of  the  UnireTBity. 

It  has  been  said  that  decades  are  the  best  periods  for  stadying  historio 
tendenciee  because  they  are  long  enough  to  contain  a  rich  array  of  facts 
and  events,  and  short  enough  to  be  grasped  by  a  single  mind  in  the  stage 
of  its  prime.  The  ten  years  since  Clark  University  was  opened,  the  close 
of  which,  by  the  cooperation  of  a  few  beneficent  public-spirited  citizens  of 
Worcester,  we  have  sought  to  mark  in  a  very  qniet  but  dignified  way  that 
should  befit  at  once  its  size  and  its  quality,  constitute  distinctly  the  most 
important  decade  in  the  educational  history  of  this  country.  The  mere 
index  of  a  few  of  the  well-known  and  accomplished  tacts  of  these  years 
has  an  eloquence  beyond  all  words.  They  have  witnessed  the  establish- 
ment of  the  Catholic  University  at  Washington,  with  its  strong  faculty 
and  its  handful  of  picked  graduates  from  the  seventy  Catholic  colleges 
of  the  country,  the  only  university  in  the  land  besides  Clark  devoted 
solely  to  graduate  work,  an  institution  related  to  us,  not  only  by  a 
strong  tie  of  sympathy  in  the  stru^le  and  sacrifice  for  ideals  and  high 
standards,  but  by  my  own  long  and  personal  friendship  with  the  first 
rector,  and  by  the  fact  that  its  present  head  was  our  Worcester  neighbor 
and  kindly  friend.  The  Leland  Stanford  University,  now  one  of  the 
richest  in  the  world,  was  planned  and  endowed  by  a  long-time  friend  of 
our  Founder,  aiad  the  wife  of  that  founder  lately  told  me  that  she  still 
counts  ours  among  her  wisest  and  most  trusted  advisers.  The  University 
of  Chicago,  with  possibilities  of  increase  brighter  and  lai^r  than  any 
other,  from  the  very  first  the  most  rapid  academic  growth  in  history,  has 
leaped  into  existence  with  a  Minerva-like,  completeness,  owing  in  no  small 
part  its  first  impulse  to  higher  creative  work  in  science  to  the  sagacity  of 
the  chief  trustee  of  its  Ogden  Fund,  our  fellow-townsman,  Andrew  H. 
Green,  and  which  is  still  more  closely  afiBliated  to  us  by  the  fact  that  so 
many  of  the  leading  members  of  its  faculty  honored  us  by  doing  three 
years  of  their  best  work  here,  and  for  which  we  still  cherish  a  little  of 
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the  feeling  of  a  poor  but  proud  and  noble  mother  for  her  great  son.  The 
new  Methodist  University  at  Washington  has  begun  the  unfoldment  of 
large  and  well-matured  plans,  for  the  fulfilment  of  which  the  vitality  of 
the  strong  reUgious  body  behind  it  is  perhaps  the  best  of  guarantees. 
The  millions  already  provided  and  about  to  be  expended  at  the  State 
University  of  California  which  will  involve  transformation  and  enlarge- 
ment perhaps  greater  than  all  that  has  hitherto  been  done  there,  very 
comprehensive  and  valuable  as  that  is ;  the  magnificent  new  architectural 
installation  at  Columbia  and  the  federation  of  so  many  other  affiliated 
institutions  about  it,  with  all  the  possibilities  of  our  greatest  metropolis 
open  before  it ;  the  steady  development,  whether  for  good  or  for  ill,  of 
the  plan  of  a  great  national  university,  to  which  at  least  all  state,  if  not 
private,  colleges  and  universities  may  be  tributary  as  feeders,  and  which 
shall  command  all  the  vast  resources  of  science  in  Washington,  tmify 
them,  and  add  the  oew  vitalizing  function  of  research  and  perhaps  teach- 
ing, a  scheme  that  has  enlisted  most  of  the  educational  leaders  of  the 
land  and  is  sure  of  eventual  fulfilment,  —  such  are  some  of  the  events 
which  have  seemed  to  many  to  threaten  the  academic  preeminence  of 
New  England,  and  even  of  the  East,  in  the  future  ;  that  have  stirred  to 
their  very  foundations  the  older  and  more  conservative  institutions,  and 
caused  transformations  not  all  apparent  from  the  outside,  but  which 
involve  hardly  less  than  an  ultimate  revolution  of  academic  sentiments, 
methods,  and  ideals.  Fellowships,  not  for  the  indigent  who  need  support 
while  preparing  for  the  professions,  but  to  give  leisure,  opportunity,  and 
incentive  for  full  development  to  talent,  the  choicest  of  all  national  prod- 
nets ;  research,  with  books,  apparatus,  above  all,  leaders  competent  to 
guide  and  inspire  ;  new  post-graduate  departments  for  non-professional 
specialization,  with  their  own  laboratories  and  libraries  ;  seminaries  where 
experts  discuss  the  latest  literature,  best  methods,  instruments,  and 
results  of  investigation  ;  new  journals  devoted  to  the  speedy  publication 
of  such  studies ;  new  chairs  and  topics ;  a  growing  and  ever  widening 
distinction  between  receptive  learning  and  active  creation, —  these  and  the 
gradual  completion  of  a  system  that  is  truly  national,  and  has  not  its 
apex  in  Europe,  where  hundreds  of  our  graduates  still  go  yearly  to  get 
what  it  should  be  a  matter  of  simple  patriotism  to  supply  at  home,  must 
suffice  to  mark  the  direction  and  progress  of  these  years  in  which  institu- 
tions and  work  alike  are  becoming  more  and  more  plastic  to  the  changing 
and  ever  more  imperative  needs  of  learning  and  science  which  have  them- 
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selveB  celebrated  triumphfi  during  the  decade  which  conld  not  even  be 
enumerated  within  the  hoar.  It  is  no  wonder  that  many  old  academic 
{ffobleme  have  become  obsolete  and  new  ones  have  arisen,  and  that  pres- 
ent  demands  in  men,  methods,  and  instruments  have  changed  from  those 
of  ten  years  i^o. 

Again,  within  this  time  a  wave  of  doubt  and  opposition  to  the  pultlio 
support  of  intermediate  education  passed  over  the  country,  but  the  reac- 
tion against  that  tendency  has  made  the  last  few  years  preeminently  the 
^e  of  high  schools.  More  and  statelier  buildings  than  ever  before, 
longer  coursefi  and  more  of  them,  many  modifications  suggested  by 
conunittees  and  others,  great  increase  in  the  number  of  students,  rich 
and  well-planned  departures  like  the  Tome  Institute,  Mrs.  Emmons 
Blaine's  new  normal  foundation,  and  several  others  contemplated  or 
assured  but  not  yet  established,  the  new  associations  of  high  schools 
and  colleges  covering  now  aU  sections  of  the  country,  the  ever  increas- 
ing coll^iate  character  of  the  work  done  in  such  institutions,  and  the 
consequent  development  of  a  distinct,  and  in  some  places  urgent,  small 
cdlege  problem,  —  all  this  shows  that  even  secondary  education,  the  last 
st^e  to  be  reached  by  reforms,  has  here  been  stirred  and  quickened  as 
never  before. 

It  we  extend  our  view  to  lower  grades,  we  find  all  plastic  and  chang- 
ing. This  stronghold  of  conservatism  is  invaded  by  the  spirit  of  reform, 
often  revolution,  and  sometimes  even  of  rather  wild  experimentation. 
New  journals,  pedi^ogical  chairs,  new  methods,  the  new  school  hygiene, 
broader  views  that  relate  teaching  to  all  the  great  problems  of  science, 
statescraft,  and  religion,  have  arisen,  which  have  brought  the  university 
and  kindei^arten  and  all  between  them  into  an  organic  unity,  yet  fitting 
all  features  of  the  system  to  the  vast  variety  of  individual  differences  of 
character,  temperament,  and  ability.  In  this  field,  I  think,  the  closing 
decade  has  witnessed  a  change  greater  than  the  preceding  quarter  of  a 
century.  New  and  bettor  minds  are  enlisted,  educational  tepics  are  of 
increasingly  central  interest  in  the  press  and  more  dominant  in  the 
church  and  pulpit,  education  is  becoming  more  professional  and  scientific, 
recognizing  the  necessity  of  expert  leadership  and  mastery,  and  is  at  last 
assuming  its  rightful  and  larger  power,  and  ite  normal  basal  all-condition- 
ing place  as  at  bottom  a  biological  science,  revealing  to  ub  how  stete, 
chnrch,  home,  literature,  science,  art,  and  all  else  have  their  ultimate 
jostification  only  in  so  far  as  they  are  effective  in  bringing  human  beings 
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to  the  ever  fuller  maturity  of  mind  and  body  on  which  civilization  de- 
pends, and  which  it  is  the  work  of  education  to  accomplish  in  the  world. 
This  is  IncreasiDgly  neceaaary  as  our  country  grows  in  population  and  in 
territorial  expansion,  and  educational  progress  is  coming  to  be  recognized 
by  history  as  the  chief  standard  by  which  to  test  all  other  advancement. 
Europe  has  progressed  during  this  decade,  although  with  less  rapidity, 
along  nearly  all  these  lines,  and  the  next  decennial  promises  not  less,  but 
more  advance.  In  such  a  time  it  is,  indeed,  glorious  to  be  alive,  and  to 
be  young  is  heaven,  for  hope  is  even  brighter  than  memory. 

No  time  in  the  history  of  the  country  could  have  been  more  favorable 
than  the  beginning  of  this  period  for  a  great  and  new  university  founda- 
tion. The  epoch-making  work  of  the  Johns  Hopkins  University,  which 
tor  the  preceding  decade  had  made  Baltimore  the  brightest  spot  on  the 
educational  map  of  the  country,  and  was  the  pioneer  in  the  upward  move- 
ment, had  leavened  the  colleges  and  roused  them  from  the  life  of  mo- 
notony and  routine  which  then  prevailed,  and  kindled  a  strong  and 
widespread  desire  for  better  things.  The  significance  of  the  work  of 
that  institution  can  hardly  be  overestimated.  But  financial  clouds  had 
already  begun  to  threaten  this  great  Southern  luminary,  and  there  were 
indications  that,  if  the  great  work  it  had  begun  was  to  be  carried  on, 
parts  of  it,  at  least,  most  be  transplanted  to  new  fields. 

It  was  at  this  crisis  that  our  munificent  Founder  entered  the  field  wit^ 
the  largest  single  gift  ever  made  to  education  in  New  England,  and  one 
of  the  lai^est  in  the  world,  and  with  the  offer  of  more  to  come,  if  suffi- 
cient cooperation  was  forthcoming.  He  selected  Worcester  as  the  site 
of  his  great  enterprise  with  a  piety  to  the  region  of  his  nativity  worthy  of 
the  greatest  respect  and  emulation,  and  in  addition  to  the  fulfilment  of 
his  pledges  gave  it  the  benefit  of  his  own  previous  wide  studies  of  educa- 
tion in  Europe,  and  contributed  wisely  matured  plans  and  constant  per- 
sonal oversight  and  labor  for  years.  It  is  as  strenuously  eng^ed  in  this 
highest  of  all  human  endeavors  that  the  world  knows  him,  and  that  we 
shall  remember  him,  and  I  am  sure  that  we  aU  unite  to-day  first  of  all 
in  sending  him  in  the  retirement  his  health  demands  (although  it  cannot 
assuage  his  interest  to  see  the  work  of  his  hands  prosper)  our  most  cordial 
greetings  and  our  most  hearty  congratulations. 

With  a  dozen  colleges  within  a  radius  of  one  hundred  miles  doing 
graduate  work,  liie  plainest  logic  of  events  su^ested  at  once  a  policy  of 
transplanting  to  this  new  field  part  of  the  spirit  of  the  Johns  Hopkins 
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UiuTemtj,  and  takiug  here  the  obvious  and  almost  inevitable  next  step  by 
eliminating  college  work,  olthoi^h  the  chief  source  of  income  by  fees  was 
thereby  also  sacrificed,  and  thus  avoiding  the  hot  and  sometimes  bitter 
competition  for  students,  waiving  the  test  of  numbers,  and  being  the  first 
upon  the  higher  plane  of  purely  graduate  work,  selecting  rigorously  the 
best  students,  seeking  to  train  leaders  only,  educating  professors,  and  ad- 
vancing science  by  new  discoveries.  It  was  indeed  a  new  field  wide  open 
and  inviting,  the  cultivation  of  which  was  needed  to  complete  our 
national  life  ;  the  preliminary  stages  of  its  occupancy  all  finished,  yes, 
necessary  almost  as  a  work  of  rescue  for  the  few  elite  graduates  who 
wished  to  go  beyond  college  but  not  into  any  of  the  three  professions, 
and  who  had  had  hitherto  a  pathetically  hard  time.  The  call  to  the 
President  gave  assurance  of  the  highest  aims  and  of  perfect  academic 
freedom,  a  pledge  that  has  been  absolutely  kept.  He  was  sent  to  Europe 
a  year  on  full  pay  to  learn  the  best  its  institutions  could  teach,  and  the 
Facidty  that  first  fore-gathered  here  has  never  been  excelled  in  strength, 
if  indeed  it  has  ever  been  equalled  anywhere  for  its  size.  Story,  an 
instructor  at  Harvard,  colleague  and  friend  of  Sylvester,  formerly  acting 
editor  of  the  chief  mathematical  journal  of  the  country  and  co-head  of  hia 
department  at  Baltimore,  founder  of  another  jourmd  here,  who  has 
enriched  his  department  by  contributions,  the  list  of  which  printed  else- 
where in  this  volume  tells  its  own  story ;  Michelson,  who  while  here 
accepted  an  invitation  of  the  French  Government  to  demonstrate  in  Paris 
his  epoch-making  discoveries  in  the  field  of  light,  which  he  did  while  on 
our  pay-roll  —  lately  especially  honored  by  learned  societies  at  home  and 
abroad,  now  head  of  one  of  the  best-equipped  and  largest  laboratories  In 
the  world,  and  still  continuing  his  brilliant  contributions  to  the  sum  of 
human  knowledge ;  Whitman,  now  head  of  another  great  university 
laboratory,  trainer  of  many  young  professors,  founder  and  editor  of 
the  best  and  moat  expensive  biological  journal,  head  of  Woods  Holl 
marine  laboratory  and  summer  school,  one  of  the  best  of  its  kind  in  the 
world,  himself  a  contributor  to  his  science  ;  Michael,  than  whom  America 
had  not  produced  a  more  promising  or  talented  chemist,  the  list  of 
whose  published  works  would  be  far  too  loug  to  read  here  ;  Nef,  perhaps 
our  most  brilliant  young  chemist,  and  now  head  of  one  of  the  largest 
and  best-equipped  laboratories  in  the  world,  and  with  a  power  of  sus- 
tained original  work  rarely  excelled ;  Mall,  now  full  professor  at  the 
Johns  Hopkins  University,  and  head  of  the  great  new  anatomical  labora- 
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tory  and  museum  there,  whose  published  cootributiona  are  admirable 
illustrations  of  both  the  great  caution  and  boldness  needed  by  a  student 
in  his  field ;  Boas,  the  leading  American  in  physical  anthropology,  now 
a  professor  at  Columbia ;  Loeb,  almost  the  first  expert  that  this  country 
could  boast  in  the  new  physical  chemistry  in  the  sense  of  Ostwald,  now 
head  of  his  department  in  the  University  of  the  city  of  New  York; 
Bolza,  an  almost  ideal  teacher,  suggesting  the  great  Kirchoff  in  the  per- 
fection  of  his  demonstrations;  the  brilliant  and  lamented  Baur,  leader 
of  the  expedition  to  the  Galapagos  Islands  made  possible  by  the  gift  of 
Worcester's  patron  saint  of  so  many  good  enterprises,  Mr.  Salisbury; 
Donaldson,  now  dean  of  the  graduate  school  of  the  University  of 
Chicago,  author  of  the  best  handbook  in  English  on  the  brain,  with 
a  caution,  poise,  and  diligence  befitting  the  successful  inreatigator  in  that 
dangerous  but  fascinating  field ;  Mulliken,  suddenly  placed  in  a  position 
of  great  difficulty,  dischai^d  its  duties  with  rare  ability  and  discretion 
for  one  so  young ;  Lombard,  now  professor  in  Michigan,  genial,  assiduous, 
a  gifted  teacher  and  enthusiastic  student ;  White,  scholarly,  able,  a  bom 
teacher  and  student;  McMurrich,  an  untiring  investigator  and  a  Lucid 
inquirer  after  knowledge;  those  now  here,  who  have  since  become  so 
well-known,  Bumham,  Chamberlain,  Hodge,  Perott,  Sanford,  Taber,  and 
Webster  ;  these,  not  to  mention  many  others,  then  only  fellows,  but  who 
have  achieved  so  much  in  their  work  and  positions  since,  —  these  are  the 
men  and  others  whose  presence  on  this  spot,  whose  high  intercourse  and 
whose  stimulating  personal  contact  with  each  other,  whose  ardor  and  devo- 
tion in  the  pursuit  of  knowledge,  whose  healthful  emulation  in  achieve- 
ment, made  this  almost  classic  grotmd  and  the  cynosure  of  the  eyes  of 
all  those  in  this  country  who  love  science  for  its  own  sake.  With  the 
wealth,  wisdom,  and  interest  of  our  Founder,  with  the  high  character 
and  culture  of  our  Board  of  Trustees,  with  the  intelligence  of  such  a 
community  of  old  New  England,  with  an  atmosphere  of  intellectual  free- 
dom, with  imique  and  precious  exemption  from  the  drudgery  of  excessive 
teaching  and  examinations,  with  the  youth  of  the  Faculty,  none  of  whom 
had  reached  the  zenith  of  their  maturity,  with  substantial  and  ample 
buildings,  abundant  and  forthcoming  funds  for  equipment,  few  rules  and 
almost  no  discipline  or  routine  of  faculty  meetings,  the  motto  on  our  seal, 
fiat  lux,  our  university  color  white,  —  is  it  any  wonder  if  some  of  our 
young  men  saw  visions  and  dreamed  dreams,  or  perhaps  in  some  cases  feU 
in  love  with  the  highest  ideals,  or  that  the  very  memory  of  the  first  stage 
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of  oar  history  is  to-day,  as  it  has  been  in  darker  hours,  a  most  precious 
memory  and  a  basis  of  an  all-sustaining  hope  ? 

To  these  days  of  our  prime  to  which  our  former  students  and  profess- 
ors recur  with  joy,  and  in  whose  breasts  the  proceeses  of  idealization  of 
them  have  already  begun,  days  which  were  pervaded  by  Bentiments  of  joy 
imd  hope  very  like  those  which  animated  the  best  years  of  the  Johns 
Hopkins  University,  we  have  often  reverted  since  in  soberer  hours  with 
longing  thoughts  of  what  might  have  been  had  the  University  continued 
in  all  its  pristine  strength.  Not  one  weak,  dull,  or  bad  man  in  our  Faculty, 
all  given  not  only  leisure,  but  every  possible  incentive  to  do  the  very  best 
work  of  which  they  were  capable,  with  a  Founder  and  a  board  of  control 
who  realized  that  a  new  endowment  should  do  new  things,  and  that  the 
best  use  of  money  is  to  help  the  best  men,  we  entered  a  field  very  largely 
new  and  with  as  bright  prospects  as  we  could  wish. 

But  life  has  its  contrasts  and  competitions.  The  reductions  of  our 
force,  which  occurred  at  the  end  of  the  third  year,  sad  to  us  almost  beyond 
precedent,  although  helpful  elsewhere,  may  be  ascribed  to  fate,  disease, 
or  to  the  very  envy  of  the  gods.  Some  incidents  should  remain  unwritten, 
but  it  should  be  known  that  our  Trustees  foresaw  from  the  beginning  of 
the  year  one  of  the  gravest  of  crises,  and  met  it  with  an  nnanimity,  a 
wisdom,  and  a  firmness  which  even  in  the  light  of  all  that  has  transpired 
since,  I  think,  could  not  be  improved  on.  The  pain  of  it  all  has  faded, 
the  glad  hand  has  been  extended  and  accepted  by  nearly  if  not  quite  all 
who  left  UB  ;  the  lessons  of  advemty  have  been  learned  and  laid  well  to 
heart,  and  we  hope  and  believe  that  these  and  all  their  attendant  incidents 
may  be  considered  closed. 

Although  nearly  half  our  Faculty  and  students  left  us  in  the  hegira, 
and  our  income  had  dropped  in  almost  the  same  proportion,  and  only  the 
departments  of  psychology  and  mathematics  remained  nearly  intact,  we 
fortunately  had  left  iu  every  department  young  men  as  promising  as  any 
in  the  land.  They  needed  simply  to  grow,  and  never  has  there  been  such 
an  environment  for  a  faculty  to  develop  as  in  this  "paradise  of  young 
professors,"  as  a  leading  college  president  has  called  this  University.  To 
Darwin  the  greatest  joy  of  life  was  to  see  growth ;  and  to  see  the  unfold- 
ment  of  these  youthful,  intellectual  elite,  and  to  feel  the  sense  of  gfOwth 
with  them  as  aU  near  them  must,  is  a  satisfaction  almost  akin  to  the 
rapture  of  discovery  itself.  Now  the  years  have  done  their  work,  and 
our  Faculty,  although  smaller,  was  never  stronger,  never  more  prolific. 
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stimnlatiiig,  and  attrsctiTe  to  students,  in  proportion  to  its  size,  th&n  it  is 
to-day.  There  has  never  been  such  loyalty  to  the  institution  and  its 
ideals,  such  readiness  to  endure  the  petty  and  the  great  economies  now 
necessary,  such  prompt  and  frequent  refusals  of  larger  salaries  elsewhere, 
and  so  strong  a  sentiment  that,  so  long  as  a  man  has  growth  in  him,  our 
incentive,  opportunity,  and  plan  of  work  are  of  more  value  Uuud  a  lai^e 
increase  of  salary. 

These  changes  involved,  however,  but  little  reduction  of  the  number 
of  instructors  or  of  students,  but  materially  decreased  for  a  time  the  effi- 
ciency of  the  University.  Since  the  end  of  the  third  year  the  President, 
who  was  not  required  to  teach,  has  done  fnll  professorial  duty  in  addition 
to  that  of  administration,  has  established  a  seminary  at  his  house  three 
hoars  each  week  through  the  entire  academic  year,  and  founded  and  con- 
ducted at  his  own  expense  a  new  educational  journal.  The  income-bear- 
ing summer  school  has  been  organized  and  conducted  during  the  past 
seven  years  with  the  active  and  efficient  cooperation  of  a  large  local 
advisory  board  under  the  direction  of  Colonel  E.  B.  Stoddard  and  Charles 
M.  Thayer,  Esq.,  by  which  its  social  character,  that  has  contributed 
much  to  its  success,  has  been  established  on  a  high  plane.  The  summer 
school  represents  only  the  departments  of  biology,  psychology,  and  peda- 
gogy, is  open  to  every  one  of  either  sex  on  the  payment  of  a  small  fee,  is 
popular  rather  than  technical  in  its  scientific  character,  has  been  numer- 
ously attended,  and  in  all  ways  is  directly  in  contrast  with  the  work  of 
the  year.  Hardly  a  ripple  has  marred  the  harmony  within  the  Univer- 
sity during  these  last  seven  years,  and  every  man,  student  and  instructer 
alike,  has  been  bard  at  work  and  entbusiastio  for  our  own  unique  and 
individual  method  and  plan. 

This  institution  must  be  judged  from  within  and  by  educational  and 
scientific  experts,  and  the  commendations  which  we  have  lately  received 
from  leading  specialists,  some  of  which  are  printed  elsewhere  in  this 
voltune,  have  been  so  numeroas,  spontaneous,  and  hearty  in  response  to 
our  invitation  to  be  present,  as  almost  to  riv^  in  cordiality  and  loyalty 
to  the  now  so  definitely  developed  Clark  idea  and  Clark  spirit  that  of 
our  three  alumni  associations  of  the  Pacific  Coast,  Illinois,  and  Indiana 
organized  during  the  present  year. 

Scientific  work  must  be  weighed  and  not  measured,  so  that  numbers 
tell  but  little.  Clark  University  has  been  instrumental  in  training  well- 
nigh  three  hundred  professors  or  special  academic  instructors,  has  numbered 
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orer  twelve  hundieil  differont  persons  enrolled  in  its  sammer  school,  not 
oountin^  the  hundreds  who  have  attended  more  than  one  session.  These, 
especiallj  the  former,  are  in  a  sense  our  epistles  known  and  read  of  all 
men.  The  other  output  of  a  university  like  ours  is  its  soientiflc  work, 
and  here  we  have  five  hundred  publications  based  upon  work  done  here, 
of  which  twenty-five  are  books.  The  University  now  publishes  three 
journals,  with  hope  of  a  fourth  as  a  more  permanent  way  of  marking  the 
beginning  of  its  second  decade. 

Small  as  we  are,  if  our  departments  and  students  are  measured  by  the 
significaat  criterion  of  the  number  of  the  doctorates  annually  conferred 
here,  we  rank  among  the  best  and  largest  institutions  of  the  land.  Al- 
though our  fellowship  funds  have  declined,  and  that,  too,  in  the  midst 
of  a  competition,  which  never  existed  or  was  hitherto  dreamed  of,  oar 
numbers  of  late  years  have  slightly  but  steadily  increased,  although  at 
the  same  time  we  could  go  on  forever  and  do  invaluable  work  of  research 
and  publication  like  the  Fren<di  Ecole  des  Hautes  Etudes,  or  a  few  other 
Old  World  institutions,  even  if  we  had  no  students ;  and,  indeed,  America 
may  need  in  the  future,  if,  indeed,  she  does  not  already,  at  least,  one  such 
academic  endowment  for  research  only.  One  thii^,  at  least,  is  true  so 
far,  hardship  has  no  whit  lowered  our  aims  or  diluted  our  quality,  but  if 
anything  has  had  the  reverse  influence ;  and  I  fervently  trust  (and  think 
I  can  speak  on  this  point  with  confidence  for  the  entire  Faculty)  that  this 
may  be  the  case  throughout  all  the  infinite  future  that  endowments  like 
this  in  a  country  like  ovia  have  a  right  to  expect.  Although  influences 
are  too  subtly  psychological  to  be  traced,  I  am  writing  onr  history,  and 
find  it  a  most  inspiring  theme,  and  I  believe  it  adds  already  a  very  bright 
and  hopeful  page  to  the  records  of  higher  education  in  the  country,  and 
one  which  history  will '  brighten  to  epochal  significance.  It  has,  on 
the  whole,  in  it  one  clear  note,  not  of  discouragement,  but  of  hope  and 
confidence. 

Have  we  duly  considered,  even  the  best  of  us,  what  a  real  university 
is  and  means,  how  widely  it  differs  from  a  college,  and  what  a  wealth 
of  vast,  new,  and  in  themselves  most  educative  problems  it  opens?  A 
college  is  for  general,  the  university  for  special,  culture.  The  former 
develops  a  wide  basis  of  training  and  information,  while  the  latter  brings 
to  a  definite  apex.  One  makes  broad  men,  the  other  sharpens  them  to 
a  point.  The  college  digests  and  impresses  second-hand  knowledge  as 
highly  vitalized  as  good  pedagogy  can  make  it,  while  the  university, 
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as  one  of  its  choicest  fonctdons,  creates  new  knowledge  by  research  and 
discoTery.  The  well-fumished  bachelor  of  arts,  on  turning  from  the 
receptiTity  of  knowing  to  creative  research,  is  at  first  helpless  as  a 
new-born  babe,  and  needs  abundant  and  personal  direction  and  encooi- 
agement  before  he  can  walk  alone ;  but  when  the  new  powers  are  once 
acquired  they  are  veritable  regeneration.  He  scorns  the  mere  luxury 
of  knowing,  and  wishes  to  achieve,  to  become  an  authority  and  not  an 
echo.  His  ambition  is  to  know  how  it  looks  near  and  beyond  the 
frontier  of  knowledge,  and  to  wrest  if  possible  a  new  inch  of  territory 
from  the  nescient  realm  of  chaos  and  old  night,  and  this  becomes  a  new 
and  consuming  passion  which  makes  him  feel  a  certain  kinship  with  the 
great  creative  minds  of  all  ages,  and  having  contributed  ever  so  little, 
he  realizes  for  the  first  time  what  true  intellectual  freedom  is,  and  attains 
intellectual  manhood  and  maturity.  This  thriU  of  discovery,  once  felt, 
is  the  royal  accolade  of  science,  which  says  to  the  novice,  stand  erect, 
look  about  you,  that  henceforth  you  may  light  your  own  way  wit^ 
independent  knowledge. 

This  higher  educational  realm  is  full  of  new  "phenomena  of  altitude." 
Faculties,  instead  of  discussing  and  elaborating  plans  for  commencement 
ceremonies,  hearing  recitations,  preparing  and  then  reading  the  results 
of  examination  papers,  and  carefully  marking  each  individual  exercise, 
grinding  in  the  old  millB  of  parietal  regulations,  discipline,  and  the  rules 
of  conduct  needful  to  civilize  the  adolescent  homo  mpient  feruay  revising 
requirements  for  admission,  tacking  and  shaping  the  policy  to  gather 
in  more  students  and  keep  ahead  of  others  in  the  struggle  to  get  the  best 
connections  with  high  and  fitting  schools,  are  occupied  with  far  different 
problems  wherever  the  university  spirit  has  a  true  and  real  embodiment. 
Here  first  of  all  men  must  be  discriminated,  and  great  issues  hang  upon 
the  success  in  differentiating  superior  from  indifferent  young  men.  To 
detect  the  early  manifestations  of  talent  and  genius  in  the  different  fields 
of  intellectual  endeavor,  which  some  presidents  and  professors  can,  and 
others  so  eminently  lack  the  power  to  do,  is  the  crucial  doorkeeping 
problem,  where  great  privileges  are  to  be  awarded  to  great  promise. 
This  is  almost  a  life  and  ^^areer  saving  function  for  not  only  the  young 
professors  and  students,  but  for  the  university.  Men  are  not  equal,  and 
there  must  be  a  touchstone  of  mental  aristocracy  to  discriminate  $500 
from  $10,000  men. 

Second,  having  selected  these,  the  university  Eihould  bestow  freely  its 
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needed  aid  and  equipment,  and  the  professor  his  ohoicest  time  and 
knowledge,  to  perfect  the  preoioos  enTironment  by  which  the  latw  stBgee 
of  growth,  BO  liahle  to  be  lost,  but  on  the  full  development  of  which 
civilization  itself  hangs,  and  perfected.  How  to  select  the  best,  ripest, 
and  most  fruitful  topics  for  investigation  requires  an  almost  prophetic 
ken  in  which  differences  in  individual  professors  are  immense.  To  study 
individuals  enough  to  adapt  each  theme  to  each  personality  is  another 
problem  as  new  as  it  is  delicate  and  difficult.  The  right  solution  of  both 
tiieee  is  the  laige  half  of  the  work.  The  professor  should  give  his  best 
BoggestfoQ,  with  no  reservation  for  himself,  and  the  able  student  should 
not  be  an  apprentice  to  serve  his  master,  but  should  be  distinctly 
educated  toward  leadership  himself  from  the  first. 

Having  thus  sown  fit  seed  in  fit  soil,  it  must  be  watched  and  watered 
with  constant  su^estion.  The  beat  and  newest  literature ;  the  most 
effective  and  original  apparatus  that  can  be  devised  and  if  possible 
made  on  the  spot ;  how  to  insure  in  the  best  form  and  place  the  speedy 
publication  of  work  and  to  bring  it  under  the  eye  of  all  experts ;  how 
to  avoid  conflict  and  duplication  ;  how  general  or  how  special  thesis  sub- 
jects and  work  should  be  to  best  combine  the  two  sometimes  more  or 
less  divergent  ends  of  discovery  and  education ;  the  requirements  for 
perhaps  the  choicest  of  all  degrees,  the  doctorate  of  philosophy ;  the  best 
modes  of  individual  examination  for  it ;  the  number  and  relation  of 
subjects  required ;  the  migration  of  students  so  as  to  insure  not  only 
the  best  environment  for  each,  but  to  give  to  professors  not  only  in  the 
same  department,  but  in  different  institutions,  the  same  stimulus  that 
was  felt  when  the  elective  system  aroused  the  dry-as-dust  professors  to 
unwonted  effort  lest  their  class-rooms  be  left  vacant ;  the  kindred  ques- 
tion of  the  relative  value  of  graduate  work  at  home  and  abroad  for 
each  Htndent  and  for  each  department;  the  fit  federation  of  graduate 
clubs  and  their  thirty-five  hundred  members  in  the  twenty-three  Ameri- 
can institutions  now  recc^nized  in  the  yearbook  ;  the  great  problem  of 
printing  and  special  journals  together  with  interchange  of  monographs  ; 
the  vast  new  library  problems  of  purveying  for  highly  specialized,  but 
very  voracious,  appetites  which  make  the  true  university  librarian  a  man 
of  far  different  order  from  others,  and  gives  him  a  wealth  of  new  prob- 
lems of  exchange,  foraging,  etc. ;  to  maintain  the  true  relation^  between 
lecture  work  and  individual  guidance  while  duly  emancipating  the  pro- 
fessors from  the  drudgery  of  elementary  teaching  and  mass  treatment 
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of  great  bodies  of  students ;  the  many  and  wide-reacliing  differencea 
between  pure  and  applied  science,  and  the  practical  methods  by  which 
this  distinction  is  maintained  ;  the  danger  of  great  aggregations  of 
students  and  the  advantages  of  few ;  the  wide  differences  between  the 
new  kind  of  professor  needed  in  the  university  and  tihose  in  the  college, 
where  no  provision  is  made  for  the  advancement  of  learning,  and  the 
tests  are  mainly  peda^gio  ;  the  even  greater  contrasts  between  scholar- 
ship funds  for  the  aid  of  poverty  to  professional  careers,  which  are  a 
doubtful  advant^e  even  in  colleges  where  they  belong,  and  the  true 
university  fellowship  as  above  described ;  the  growing  domin^ce  and 
need  of  expertness  in  all  fields  for  which  graduate  departments  must 
prepare  aa  well  as  for  professorship  alone, — these  and  many  great  ques- 
tions like  them,  destined  more  and  more  to  eclipse  all  others  which  are 
just  looming  up,  and  for  the  irrigation  and  ventilation  of  which  we  hope 
to  establish  here  soon  a  new  educational  journal  —  such  questions  con- 
stitute this  opening  field  of  what  may  be  called  the  higher  educational 
statesmanship. 

The  hastiest  glance  at  the  situation  on  an  anniversary  like  this  would 
be  incomplete  unless  we  turned  toward  Ihe  future.  Our  own  needs  here 
are  many  and  our  wants  urgent,  but  our  faith  is  firm  that  in  a  community 
like  this  the  time  will  soon  come  when  no  wills  will  be  drawn  by  wealthy 
people  without  carefully  considering  the  conclusion  of  the  largest  parlia- 
mentary report  ever  made,  which  filln  near  a  score  of  volumes,  was  many 
years  in  the  making,  and  describes  all  the  public  bequests  ever  made  in 
England.  The  substance  of  the  conclusion  of  that  most  competent  tribu- 
nal that  has  ever  spoken  upon  this  subject  is  that  the  beet  of  all  utes  of 
public  hen^aetione  is,  not  for  charity  to  the  poor  or  even  the  eick  and  de- 
fective, noble  and  Ghrittlike  a»  thoge  charitiet  are,  not  for  lower  education 
or  religioTL,  beneficient  a»  theee  are,  but  rather  for  affording  the  very  he»t 
opportunitiet  for  the  highest  potsible  trainii^  of  the  very  best  minda  tn 
univertitie*,  heeauae  in  training  thete  the  whole  work  of  church,  ttate,  school, 
and  charity  ie  not  only  made  more  efficient,  bui  raiaed  to  a  higher  level,  and 
in  this  lervice  aU  other  eautea  are  at  the  same  time  beet  advanced.  I  beg 
respectfully,  but  with  all  my  heart  and  mind,  to  urge  this  conclusion  by 
the  highest  human  authority  upon  all  those  contemplating  the  bestow- 
ment  of  funds  where  they  will  accomplish  moat  for  the  good  of  man. 

Our  very  best  department  is  the  library,  which  is  so  well  endowed  that 
we  do  not  at  present  need  to  expend  the  income  of  the  fund.     In  this 


.,  Google 


Decennial  Address.  67 

respect  the  sagacity  and  benevolence  of  our  Founder  has  been  more  than 
enfficieot  for  our  needs  up  to  the  present  time,  and  our  most  efficient  and 
courteous  librarian  has  found  many  means  and  devices,  new  to  the  most 
advanced  library  science,  of  bringing  out  its  utmost  efficiency  for  our 
work,  and  of  making  it  in  all  the  pregnant  sense  of  that  word  attractive 
to  aU  who  ODCe  come  within  the  sphere  of  its  influence.  His  work  amply 
merits  all  the  growing  recognition  that  it  and  his  rare  personnel  are 
BO  steadily  gaining.  His  special  report  contains  new  suggestions  and 
experiences. 

The  Isi^  and  new  demands  upon  the  Public  Library  caused  by  the 
presence  of  an  university  for  research  which  involved  a  material  addition 
to  its  work,  which  is  likely  to  increase  in  proportion  to  our  growth,  should 
be  distinctly  recognized.  The  special  privileges  needed  by  investigators 
have  often  been  a  strain  apon  the  capacity  of  both  its  officers,  its  methods 
of  administration  and  service,  and  ^e  resources  of  its  alcoves.  The 
Public  Library  has  on  the  whole  well  met  the  test,  and  I  desire  here  to 
express,  not  only  for  myself  personidly,  but  for  the  other  members  of  the 
University  our  gratitude  to  the  city,  the  Trustees,  and  particularly  to  the 
accomplished  head  of  the  library  itself,  whose  cooperation,  with  his  able 
corps  of  assistants,'  has  been  a  factor  in  an  important  part  of  our  work. 

Our  two  strongest  departments  are  mathematics  and  psychology. 
These  two,  as  has  been  often  said,  are  the  root  and  heart  of  all  other 
branches.  Mathematics  is  the  grammar  of  all  the  sciences  that  deal  with 
inanimate  nature,  and  the  study  of  the  human  mind  and  soul  opens  the 
field  where  all  animate  nature  celebrates  her  highest  triumph  and  which 
underlies  all  the  humanities.  While  we  could  expend  with  profit  much 
more  than  at  present,  perhaps  the  entire  resources  of  the  University,  upon 
these  departments,  or  perhaps,  even  upon  each  of  them,  they  are  best 
equipped  and  least  in  immediate  need.  We  have  books,  journals,  pro- 
fessors, means  of  speedy  publication,  and  well-developed  traditions,  and 
can  claim,  we  think  with  modesty,  to  be  doing  creditable  work. 

Our  greatest  and  most  pressing  need,  according  to  the  policy  first 
formulated  of  strengthening  the  departments  already  established  before 
founding  new  ones,  is  to  enlarge  the  biology  to  an  independent  position, 
with  due  provision  for  botany  and  the  related  subject  of  paleontology. 
The  founds.tions  of  a  building  for  this  group  of  studies  is  already  laid 
on  the  grounds,  and  its  completion,  with  an  endowment  of  $160,000  or 
9200,000  with  what  we  now  have,  would  give  us  a  strong  department  able 
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to  compete  eaccessfull;  with  the  best ;  perhaps  we  may  aometime  dedi- 
cate such  a  building  and  department  to  the  name  of  some  honored  public- 
spirited  citizen  of  Worcester. 

PhjBics,  like  biology,  now  represented  by  a  single  able  and  promising 
man,  needs  enlargement  to  the  same  degree,  with  an  annex  department 
of  astronomy  and  astrophysics,  and  for  the  same  sum  could,  in  addition 
to  what  we  now  have,  be  put  upon  a  creditable  footing. 

The  obemlcal  building,  admirably  planned  after  careful  studies  of  all 
the  best  in  Europe,  and  well  equipped,  especially  for  organic  work,  has 
no  endowment,  and  needs  for  its  full  development  the  income  of  at  least 
a  quarter  of  a  million  of  dollars. 

Anthropology,  so  greatly  needed  in  this  land,  but  so  lacking  in 
academic  installation  and  tradition  here,  is  already  a  precious  germ  with 
one  worthy  representative,  has  been  cherished  from  the  first  with  us, 
and  it,  too,  needs  enlargement  and  independence. 

If  we  pass  over  into  the  humanities,  there  are,  of  course,  the  two 
great  groups  of  philology  and  literature,  ancient  and  modem,  and  a 
historical  group  culminating  in  political  economy,  sociology,  and  a  grand 
department  of  international  law,  nowhere  adequately  represented  in  this 
country,  and  for  the  establishment  of  which  somewhere  Senator  Hoar, 
acting  president  of  t^  Board  of  Trustees,  the  first  citizen  of  Massachu- 
setts, competent  to-daj  to  fill  any  one  of  four  professional  chairs  in  any 
university,  in  learning,  experience,  character,  and  position  more  nearly 
the  American  Gladstone  than  any  other,  has  been  so  distinguished  an 
advocate. 

Education,  now  coming  to  be  the  lai^est  philosophy  of  life  and  the 
natural  field  of  applied  psychology,  needs  a  more  adequate  representa- 
tion, and  with  a  quarter  of  a  million  of  dollars  for  an  ideal  university 
school  for  children,  we  would  almost  guarantee  in  five  years  to  make 
tiua  place  an  educational  Mecca,  by  short  circuit  methods  now  well 
demonstrated  but  nowhere  embodied,  which  would  greatly  increase  the 
efficacy  and  reduce  the  expense  and  ease  the  labor  of  t^  lower  grades 
of  education  in  this  country. 

Our  summer  school  has  become  one  of  the  largest  and  highest 
grade  institutions  of  its  kind  in  the  country,  and  appeals  especially  to 
heads  of  fitting  schools,  with  whom  it  would  be  important  for  us  to  be 
en  rapport  if  we  had  a  college ;  to  normal  schools,  whose  faculties  are 
a  growing  field  for  the  employment  of  our  pedagogical  graduates  ;    to 
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yoong  inBtnictors  in  colleges,  supermtendents,  parents,  etc.  If  our  two 
weeks  could  become  a  summer  quarter  counting  toward  a  degree,  and 
if  the  smnmer  school  could  be  adequately  endowed  and  furnished,  with 
the  interest  which  one  department  of  our  work  has  already  enlisted 
among  the  teachers  of  our  country,  the  best  of  whom  could  spend  their 
summer  here  in  work,  this,  too,  could  be  made  an  institution  of  which 
any  city  or  university  might  well  be  proud. 

We  urgently  need  without  delay  the  means  for  establishing  a  univer- 
sity printing  office,  where  we  can  publish  our  journals  at  less  expense  and 
do  our  own  printing ;  and  if  this  should  grow  to  larger  dimensions  and 
develop  a  life  of  its  own,  that,  too,  might  be  welcomed. 

These  needs  are  all  on  the  university  plane,  where  the  beginnings 
already  made  are  precious  beyond  words,  wrought  out  as  they  have  been 
with  so  much  pain  and  labor,  and  the  highest  effort  of  so  many  choice 
spirits.  May  the  day  never  dawn  wheu  this  in  our  country  most  sorely 
needed  and  prayerfully  cherished  academic  tradition  shall  fade  or  be 
broken.  The  investments  of  wealth  and  effort  already  made  are  too 
great,  and  achievemeute  already  attained  and  future  promise  too  bright, 
to  permit  this  ever  to  be  an  open  question  here. 

Satisfied,  yes  proud,  as  we  are  to-day  to  submit  to  Worcester,  to  sister 
institntions,  and  the  country,  the  records  of  our  work  when  compared  with 
our  means,  we  have  lived,  and  even  now  live  and  walk,  let  us  confess  it, 
to  a  great  extent  in  faith  and  hope,  looking  confidently  to  a  future  larger 
than  our  past  has  been,  with  steadfast  and  immovable  conviction  that  our 
cause  is  the  very  highest  of  all  the  causes  of  humanity,  but  ready  even 
ourselves,  if  need  be,  to  labor  on  yet  longer  in  the  captivity  of  straitened 
resources,  being  fully  persuaded  that  our  redeemer  liveth  and  that  in  due 
time  he  shall  appear. 
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THE  DEPARTMENT   OF  MATHEMATICS. 

Bt  William  Edwakd  Stobt. 


PAST  AND  PRESENT  STAFF. 

WiLLiAii  Bdvabo  Stobt,  Ph.D.,  Frofessoi  of  Mathematics  smoe  1889. 

OasAB  BoLZA,  PIlD.,  ABSociste  in  MatbematioB,  1889-92. 

HsHBT  Tasbb,  Ph.D.,  Docent  in  MaUiematics,  188»-92;  ABsistant  Pn^fiBBOi 

of  Mathematios  since  1892. 
Joseph  db  Pbbott,  Docent  in  Mathematics  since  1890. 
Hehbt  S.  Whitb,  Ph.D.,  Assistant  in  Mathematios,  1890-92. 

FELLOWS  AND  SCHOLARa 

Hknbt  Bbbitxb,  Fellow  in  Mathematics,  1889-90. 

L.  P.  CsATEirB,  Scholar  in  Mathematics,  1889-90. 

EoLLm  A.  Habbw,  Ph-D.,  Fellow  in  Mathematics,  1889-90. 

J.  F.  McCui.LOCH,  Fellow  in  Mathematics,  1889-90. 

WnxiAM  H.  Mbtzlbb,  Fellow  in  Mathematios,  1889-92. 

J.  W.  A.  ToniTQ,  Fellow  in  Mathematics,  1889-92. 

Leti  L.  Coitaht,  Scholar  in  Mathematics,  1890-91. 

ALmsD  T.  Ds  Lttbt,  Fellow  in  Mathematics,  1890-91. 

Jambs  N.  Habt,  Scholar  in  Mathematics,  1890-91. 

Thomas  F.  Holoatk,  Fellow  in  Mathematics,  1890-93. 

JoHH  I.  Hutchinson,  Scholar  in  Mathematios,  1890-91;  Fellow  in  Mathe- 
matics, 1891-92. 

Fbahk  H.  Loud,  Scholar  in  Mathematics,  1890-91. 

N.  B.  Hbllbb,  Scholar  in  Mathematics,  1891-92. 

LoBBAiN  S.  Hiii.BnBT,  Ffillow  in  Mathematics,  1891-92. 

JoiDf  MoGowAN,  Scholar  in  Mathematics,  1891-92. 

Ebsbst  B.  Skiknbb,  Scholar  in  Mathematics,  1891-92. 

L.  WatiuUIB  Dowumo,  Scholar  in  Mathematics,  1892-93;  Fellow  in  Mathe- 
maticB,  1893-95. 

JoHV  E.  Hux,  Fellow  in  Mathematics,  1892-95. 

Hbbbbbt  G.  Kefpbl,  Scholar  in  Mathematics,  1892-93;  Fellow  in  Mathe- 
matioa,  1893-95. 
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Thokas  p.  NichoiiB,  Scholu  in  MathematicB,  1892-93 ;  Fellow  in  Mathematicfl, 


F.  £.  SrmsoH,  Scholar  in  Mathematics,  1892-93;   Fellov  in  Mathematios, 

1893-95. 
W.  J.  Wasgeiteb,  Scholar  in  Mathematics  and  Physios,  1892-93. 
WabbeH'  G.  Bullabd,  Scholar  in  Mathematics,  189^-96. 
ScHUTLBB  0.  Datisson,  Fellow  in  Mathematics,  1896-96. 
Frederick  C.  Fxrbt,  Fellow  in  Mathematics,  1895-98. 
John  S.  French,  Scholar  in  MathematioB,  1895-96;  FelloT  in  Mathematics, 


E.  W.  Bettoeb,  Fellow  in  Mathematics,  1895-98. 

tS.  Edward  Bterbon,  Fellow  in  Mathematics,  1895-96.    Died  March  25, 1896. 

HuoB  A.  Shepp,  Scholar  in  Mathematics,  1895-96. 

James  W.  Boyob,  Fellow  in  Mathematics,  1896-99. 

Herbert  0.  Clouqh,  Scholar  in  Mathematics,  1896-97. 

A.  Hakrt  Whxeler,  Scholar  in  Mathematics,  1896-99. 

Lindsay  Duncan,  Scholar  in  Mathematics,  1897-99. 

Frederick  H.  Hodox,  Scholar  in  Mathematics,  1897-98  j  Fellow  in  Mallio- 
matics,  1898-99. 

Halcott  C.  Moreno,  Scholar  in  Mathematics,  1897-98;  Fellow  in  Mathe- 
matics, 1898-. 

Stephen  £.  Slocum,  Scholar  in  Mathematics,  1897-98 ;  Fellow  in  Mathematics, 
189^ 

John  N.  Van  deb  Ybxbs,  Scholar  in  Mathematios,  1897-98 ;  Fellow  in  Mathe- 
matics, 1898-. 

Frank  B.  Williams,  Scholar  in  Mathematics,  1897-98;  Fellow  in  Mathe- 


Elwin  K.  Lovbwbll,  Scholar  in  Mathematics,  1898-99. 
Lonia  Sirr,  Scholar  in  Matbematica,  1898-99. 
Orlando  S.  Stetson,  Scholar  in  Mathematios,  1898-99. 

SPECIAL  STUDENTa 

GsoRSE  F.  Mktzler,  Fh.D.,  Honorary  Fellow  in  Psychology,  1B91-02, 
Calttn  H.  Andrews,  Mathematics  and  Pedagogy,  1894^-95. 
Walter  £,  Andrews,  Mathematios  and  Pedt^gy,  1894--96. 


Whole  number  of  students  in  mathematics  in  10  years 41 

Aggregate  attendance  (including  4  who  remain  in  1899-1900)  ...  83  years. 

Average  number  of  students  per  year 8 

s  attendance  per  student 2  years. 
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Mathbicatios  occnpies  a  peculiar  position  relatively  to  the  arts  and 
sciences.  It  is,  par  excellence,  an  art,  inasmucli  as  its  chief  fonctioii 
is  to  solve  problems,  —  not  euch  examples  as  are  given  in  tlie  text-books, 
and  vhich  serve  onlj  as  ezeroisea  in  the  application  of  methods,  but  any 
problems  tiiat  may  ariBe  in  human  experience  and  for  whose  correct  solu- 
tion sufficient  data  are  at  hand.  When  any  line  of  investigation,  to 
whatever  subject  it  may  refer,  has  been  carried  so  far  that  exact  reason- 
ing may  be  applied  to  it,  mathematics  is  the  authority  to  which  the 
results  of  observation  are  submitted  for  the  final  determination  of  their 
consistency  and  the  conclusious  that  may  be  drawn  from  them,  and  fur^ 
nishea  the  means  of  applying  these  conclusions  to  the  prediction  of  phe- 
nomena not  yet  observed.  No  science  and  no  branch  of  technology  is 
exact,  that  is,  capable  of  predicting  with  certainty  what  will  happen 
under  given  conditions,  unless  it  rests  upon  a  mathematical  foundation. 
Astronomy,  physics,  and  applied  mechanics  already  have  this  foundation 
to  a  considerable  extent,  while  the  other  sciences  are  still  in  the  inductive 
stage,  in  which  material  is  being  collected  with  which,  it  is  to  be  hoped* 
such  foondation  will  ultimately  be  laid.  Mathematics  is  also  a  science, 
inasmuch  as  it  has  accumulated  a  lai^  body  of  systematic  knowledge 
involving  and  leading  to  the  methods  that  it  employs  in  its  solutions. 
These  methods  are  of  such  a  peooliar  nature,  differing  so  widely  from 
other  methods,  that  a  special  course  of  training  is  requisite  if  any  one 
would  learn  to  use  them,  and  their  number  and  variety  have  become  so 
great  that  a  lifetime  would  not  suffice  to  acquire  familiarity  with  them 
aU.  But  new  problems  are  continually  arisit^  and  demanding  new 
methods,  and  we  need,  therefore,  a  body  of  men  who  shall  devote  them- 
selves especially  to  the  task  of  supplying  this  demand.  While  the  col- 
leges are  eng^ed  in  general  Uberal  education,  teaching  a  variety  of 
subjects  that  develop  the  mental  faculties  (and  no  subject  is  more  effi- 
cient than  mathematics  for  this  purpose)  and  OLake  the  student  acquainted 
with  his  own  tastes  and  powers,  thus  enabling  him  to  determine  the  life- 
work  for  which  he  is  best  fitted,  it  is  the  special  function  of  the  university 
to  extend  the  limits  of  human  knowledge,  and  to  train  those  who  have 
unusual  intellectual  talents  to  employ  them  to  the  best  advant^jpe.  We 
believe  Hob  object  is  best  accomplished  by  an  institution  devoted  solely 
to  it,  and  whose  teachers*  energies  are  not  diverted  by  the  lower,  though 
no  lees  important,  aims  of  the  college. 

When  the  policy  that  should  characterize  this  University  was  under 
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disoQssion,  the  first  point  decided  waa  that  its  work  should  he  strictly 
post-graduate,  and  that  it  should  not  compete  with  other  institutions 
in  the  work  that  is  generally  recognized  as  undergraduate.  In  accordance 
with  this  principle,  the  mathematical  department  fixed  its  standard  of 
admission  so  as  to  require  such  a  knowledge  of  mathematics  as  can  be 
obtained  in  the  aTerage  American  college,  and  laid  out  upon  this  foun- 
dation a  ciirriculum  of  it«  own,  as  extenaiTe  and  aa  thorough  as  circum- 
stances allowed.  In  elaborating  the  details  of  this  curriculum,  we  have 
kept  in  mind  the  fact  that  those  who  pursue  post-graduate  studies  in 
pure  mathematics  almost  always  look  forward  to  careers  as  professors 
in  colleges  or  other  higher  institutions  of  learning ;  and  we  have  taken 
the  view  tliat,  other  things  being  equal,  the  ideal  teacher  is  a  master 
of  his  subject,  not  only  conversant  with  the  general  principles  of  all  its 
more  important  branchy  the  problems  that  have  arisen  in  each,  the 
methods  that  have  been  devised  for  the  solution  of  these  problems,  and 
the  resulte  that  have  been  obtained,  but  also  unbiassed,  ready  and  sound 
in  judgment,  and  actively  engf^ed  in  scientific  research.  We  believe 
that  the  training  that  is  best  adapted  to  produce  efBoient  specialists  is 
also  the  training  that  is  best  adapted  to  produce  efficient  teachers  of 
specialties. 

While  desirous  of  supplying  alt  possible  facilities  to  those  who  wish  to 
pursue  studies  in  special  branches,  and  to  those  who,  already  occupying 
permanent  positions,  have  but  a  limited  leave  of  absence,  we  have  made 
it  our  chief  object  to  provide  a  thorough  training  for  those  who,  having 
just  completed  a  college  course,  have  not  yet  entered  upon  their  life-work. 
This  provision  consists  of  such  courses  of  lectiues,  seminaries,  and  indi- 
vidual assistance  as  should  enable  a  faithful  student  endowed  with  the 
proper  natural  ability  to  satisfy  the  requirements  for  the  degree  of  Doctor 
•  of  Philosophy  at  the  end  of  his  third  year  with  us.  The  requirements 
for  this  degree  have  been  determined  by  our  conception  of  the  ideal 
teacher,  as  already  stated.  To  acquire  the  necessary  breadth  of  knowl- 
edge of  mathematics  as  a  whole,  the  candidate  is  expected  to  attend, 
during  his  first  two  years,  specified  courses  of  lectures  on  the  general 
principles,  methods,  and  results  of  all  the  more  important  branches  of 
pure  mathematics,  to  supplement  these  lectures  by  private  reading,  and  to 
take  an  active  part  in  the  seminary.  In  the  seminary,  a  special  topic, 
more  or  less  directly  connected  with  the  subject  of  some  lecture,  is  as- 
aigued,  from  time  to  time,  to  each  student,  who  is  required  to  read  it  up 
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and  make  an  oral  report  upon  it  before  the  class.  Advanced  courses  of 
lectures  on  special  subjects  that  vary  from  year  to  year  are  also  given, 
and  each  candidate  for  the  degree  is  expected  to  attend  a  number  of  such 
courses.  The  student  spends  the  greater  part  of  his  third  year  in  the 
original  investigation,  under  the  constant  personal  guidance  of  one  of  the 
instructors,  of  a  topic  of  his  own  selection.  In  preparing  for  this  inves- 
tigation, he  is  required  to  make  a  practically  complete  bibUography  of  the 
subject,  and  to  read  all  the  more  important  available  articles  that  have 
been  written  on  it.  The  results  of  the  investigation,  embodied  in  a  dis-. 
sertation  suitable  for  printing,  mu£t  be  submitted  to  the  instructor  under 
whose  direction  the  work  was  done,  and  must  receive  his  approval  before 
the  candidate  will  be  admitted  to  the  final  examination  for  the  degree. 
This  approval  will  not  be  given  unleas  the  dissertation  is  satisfactory  in 
form  and  completeness  and  the  results  are  sufGcieutly  novel  and  impor- 
tant to  constitute  a  real  contribution  to  science.  The  dissertation  is,  in 
fact,  the  main  criterion  by  which  the  candidate  is  judged,  and  no  amount 
of  other  work  will  compensate  for  its  defects.  The  ability  of  our  grad- 
uates to  carry  on  research  and  the  excellence  of  the  work  actuaUy  done 
is  assured  by  the  regulation  that  each  dissertation  accepted  by  us  as 
worthy  of  the  degree  shall  be  printed  with  the  explicit  approval  of  a 
member  of  our  Faculty.  It  is  evident  that,  whereas  any  one  that  has  the 
necessary  preparation  and  taste  for  mathematics  may  profit  by  the  advan- 
tages here  afforded,  only  those  who  have  a  certain  amount  of  mathematical 
genius  can  secure  the  d^^ree. 

In  making  appointments  to  feUowshipe  and  scholarships  we  have 
endeavored  to  maintain  the  same  high  standard.  We  are  on  the  lookout 
for  mathematical  geniuses  ;  but  it  is  difficult  to  determine  from  the  evi- 
dence of  others  whether  candidates  come  up  to  ouf  standard  or  not ;  so 
that  we  have  adopted  the  general  policy  of  giving  the  best  appointments 
to  those  only  that  have  been  with  us  for  at  least  one  year,  and  about 
whom  we  are  in  position  to  judge  for  ourselves.  Of  course,  this  policy 
could  not  be  carried  out  during  the  earlier  years  of  the  University,  and 
its  effect  is  apparent  in  the  fact  that,  whereas  seventy-five  per  cent  of  the 
students  that  entered  the  mathematical  department  during  the  first  three 
years  remained  with  na  hot  one  year,  only  twenty  per  cent  of  those  that 
have  been  admitted  durii^  the  last  seven  years  left  at  the  end  of  their 
first  year.  I  do  not  mean  to  imply  that  those  who  left  before  completii^ 
our  coarse  were  inferior  in  ability  to  those  who  remained  three  years,  but 
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we  desire  partdcnlarly  to  enoourage  men  who  can  and  will  go  forward  to 
the  degree. 

Kesrly  all  of  those  who  have  ertudied  mathematics  with  us  have 
adopted  teaching  as  a  profession,  two-thirds  are  now  members  of  college 
faculties,  and  one-third  are  eng^ed  in  higher  school  work.  Those  who 
have  received  the  doctor's  degree  have  generally  secured  at  once  desir- 
able positions  in  which  to  begin  their  life-work,  and  most  of  them  have 
already  acquired  for  themselves,  by  distinguished  ability,  very  decided 
influence  in  the  institutions  with  whioh  they  are  connected.  Of  those 
who  have  left  without  the  degree  fully  one-half  ought  to  have  continued, 
and  would  have  done  so  but  for  want  of  pecuniary  means ;  and  we  have 
b^en  obliged  to  turn  away  many  men  of  very  great  promise  on  account  of 
our  inability  to  assist  them  in  providing  the  means  of  subsistence  during 
the  improduotive  period  of  student  life.  We  could  employ  for  fellow- 
ships,  with  decided  advanta^  ten  times  the  amount  now  at  our  disposaL 

Although,  as  I  believe,  students  will  find  here  a  broader  post-graduate 
oorriculum  in  mathematics  and  greater  personal  attention  from  the  in- 
structoi^  than  at  any  other  university  in  the  country,  we  need  greater 
facilities  to  make  our  course  what  it  ought  to  be.  Four-fiftha  of  the  in- 
struction in  the  department  is  now  given  by  two  men,  and  we  are  com- 
pelled to  give  in  alternate  years  lectures  on  fundamental  subjects  that 
ought  to  be  given  every  year.  As  I  have  said,  we  lay  great  stress  upon 
the  ability  of  our  students  to  investigate ;  but  this  faculty  can  be  fully 
developed  only  under  the  personal  guidance  of  one  who  is  himself  in  the 
habit  of  investigating  and  who  has  the  facilities  and  opportunities  neces- 
sary for  such  work.  A  teacher's  usefulness  is  greatly  increased  by  the 
inspiration  that  comes  from  a  personal  identification  with  his  subject, 
from  the  fact  that  h6  has  ideas  of  his  own  about  it,  and  that  he  has  ex- 
tended it  by  his  individual  exertions ;  and  the  investigator  can  have  no 
greater  incentive  to  search  for  new  results  than  the  opportunity  to  pre- 
sent his  thoughts  and  discoveries  to  an  intelligent  and  appreciative  class 
in  the  lecture-room.  But  the  necessity  of  teaching  many  subjects  simtU- 
taneously  distracts  the  mind  and  is  fatal  to  research.  The  ideal  condi- 
tions for  an  instructor  in  an  institution  like  this  would  be  those  under 
which  he  could  teach  one  subject  at  a  time,  and  that  a  subject  that  he 
was  himself  developing,  and  follow  this  subject  with  his  class  to  such 
a  point  as  to  bring  into  evidence  the  scope  and  importance  of  his  own 
work.     To  apply  this  method  to  the  courses  that  are  actually  given  here 
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would  require  the  Berrices  of  three  additional  instructors  in  mathematics. 
We  are  actually  laboring  under  the  disadvantage  that  Bome  of  the  im- 
portant branches  now  taught  by  us  are  not  of  such  paramount  interest 
to  any  one  of  our  instructors  as  to  be  the  subject  of  his  personal  investi- 
gation.  We  are  compelled  to  restrict  ourselves  to  elementary  couraes  in 
many  branch^  that  ought  to  be  carried  to  a  much  higher  point,  and  to 
omit  altogether  from  our  consideration  applications  of  mathematics  to 
statistics,  to  the  arts,  and  to  other  sciences.  Applications  to  physics  re- 
ceive the  attention  of  the  physical  department,  to  be  sure,  but  the  mathe- 
matical department  oiight  to  do  much  more  than  it  is  at  present  able  to 
do  in  preparing  students  for  higher  work  in  physics.  The  number  of 
instructors  necessary  for  such  advanced  work  as  we  do  is  not  to  be  deter- 
mined by  the  number  of  our  students,  but  by  the  number  of  subjects 
taught. 

Again,  every  expert  investigator  finds  himself  oontinu^y  obliged  to 
spend  much  time  in  details  that  could  just  as  well  be  worked  out  by  a 
younger  man,  to  whom  such  work  would  be  of  immense  advant^e,  not 
only  as  an  exercise  in  the  practical  application  of  methods,  but  also  as 
furnishing  the  opportunity  for  a  prolonged  study  of  the  workings  of  an 
investigator's  mind ;  and  example  is  worth  more  than  precept  in  the 
development  of  the  faculty  of  invest^tion.  We  ought  to  have  the 
means  of  retaining  our  best  graduates  for  a  year  or  two  as  personal  assist- 
ants to  the  instructors,  during  which  period  they  might  also  be  gaining 
experience  in  the  class-room  by  teaching  a  few  hours  a  week  under  the 
supervision  of  one  of  the  regular  instructors.  Such  work  is  not  drudgery, 
and  would  be,  I  think,  sufficiently  attractive  to  an  ambitious  young  man 
to  induce  bim  to  remain  with  us  on  a  moderate  stipend  while  he  is  wait- 
ing for  such  appointment  as  may  seem  to  him  desirable. 

It  is  almost  universally  assumed  that  a  mathematician  needs  no  mate- 
rial equipment  other  than  brains,  with,  possibly,  a  few  books.  However 
true  this  assumption  may  have  been  some  decades  ^o,  —  and  I  itausj  that 
its  truth  then  rested  solely  upon  the  difficulty  of  procuring  such  equip- 
ment, —  it  is  not  true  now,  as  must  be  apparent  to  any  one  who  studied 
carefully  the  German  educational  exhibit  at  the  World's  Fair  in  Chicago. 
Ten  years  ago  our  department  started  out  with  a  fair  nucleus  for  a 
mathematical  library  and  a  moderate  collection  of  models,  to  which  we 
have  not  been  able  to  make  many  additions.  We  have  very  few  of  the 
older  mathematical  works  that  illustrate  the  history  of  the  subject,  and 
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we  need  particularly  complete  sets  of  many  important  mathematical  jour- 
nalB  and  the  transactions  of  learned  societies.  In  these  journals  and 
transactions  have  appeared  most  of  the  origioal  investigations  to  which, 
as  inTestigators  ourselTes,  we  hare  continoal  occasion  to  refer,  both  for 
suggestions  and  to  avoid  apparent  plagiarism  and  the  unnecessary  dupli- 
cation of  research.  We  should  also  be  greatly  assisted  in  our  class-work 
by  a  more  oomplete  colleotioa  of  models. 

In  short,  what  I  have  in  mind  as  a  model  mathematical  department 
for  post-graduate  work  would  have,  say,  four  professors  and  assistant 
professors,  each  having  his  personal  assistant,  and  at  least  two  instmotors 
of  lower  grade  for  the  more  elementary  work,  and  would  be  provided 
with  a  oomplete  mathematical  Ubiary  and  with  aU  the  apparatus  that  it 
is  now  possible  to  procure,  with  suitable  provision  for  the  purchase  of 
new  books  and  apparatus  as  they  appear  in  the  market. 

These  schemes  are  not  incapable  of  realization,  although,  perhaps, 
opposed  to  the  traditions  of  educatiou  in  this  country.  This  University 
has  never  had  any  traditions  excepting  such  as  were  based  upon  high 
ideals.  It«  mathematical  department  waa  not  modelled  after  that  of  any 
other  institution,  but  was  determined  by  the  conception  of  what  would 
constitute  perfection  in  such  a  department.  We  have  always  lived  up  to 
our  ideals,  in  so  far  as  we  have  done  anything,  without  regard  to  consid- 
erations of  material  interest.  We  are  not  here  to  do  what  is  done  else- 
where, and  we  do  not  acknowledge  that  it  would  be  best  for  us  to  do  what 
other  institutions,  in  their  experience,  have  thought  wisest.  We  propose 
to  adopt  no  temporary  policy  that  we  shall  sometime  want  to  abandon, 
confident  that  the  ideal  university  of  the  future  will  be  ideal  from  the 
very  root  and  not  a  graft  upon  inferior  stock. 

When  the  doors  of  the  Universty  were  first  opened  to  students,  in  the 
fall  of  1889,  the  mathematical  staff  consisted  of  William  E.  Story,  Pro- 
fessor, Oskar  Bolza,  Associate,  and  Henry  Taber,  Decent ;  a  year  later  it 
was  increased  by  the  appointment  of  Joseph  de  Perott,  Docent,  and 
Henry  S.  White,  Assistant ;  and  in  1892  Drs.  Bolza  and  White  rea%ned 
their  positions  to  accept  Associate  Professorships  in  the  University  of 
Chic^fo  and  Northwestern  University,  respectively,  and  Dr.  Taber  was 
promoted  to  an  Assistant  Professorship,  thus  leaving  the  department  witii 
practically  the  same  teaching  force  as  it  had  during  the  first  year. 

The  instruction  has  been  given  by  lectures,  seminaries,  and  individual 
conferences.     The  number  of  lectures  (of  fifty  minutes  each)  was  sixteen 
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a  week  the  first  year,  nmeteeii  and  twenty  a  week  in  the  second  and 
third  years,  respectively,  and  about  fourteen  a  week,  on  the  average,  each 
year  since.  In  some  years  courses  of  lectures  on  certain  mathematical 
subjects  having  important  physical  applications  have  been  given  by 
Assistant  Professor  Webster  of  the  Department  of  Physics. 

The  subjects  of  the  lecture  courses  given  during  the  ten  years  include 
the  following :  — 

1.  The  History  of  Arithmetic  and  Algebra  among  various  peoples  from  the 
earliest  times  to  1650  a.d. 

2.  Theory  of  Numbers  (introductory), 

3.  Theory  of  Numbers  (advanced). 

4.  Xumerical  Compatatioiis. 

6.  Theory  of  Quadratie  Forms. 

6.  Finite  Differenoes. 

7.  Probabilities. 

8.  Theory  of  Errors  and  the  Method  of  Least  Squares. 

9.  Theory  of  Functions  of  a  Seal  Variable. 

10.  LLaeax  Transformations  and  Algebraic  Invariants  (introductory). 

11.  Theory  of  Substitutions,  with  applications  to  algebraic  equattons  (intro- 
ductory). 

12.  Theory  of  Transformation  Groups. 

13.  The  Application  of  Transformation  Groups  to  Differential  Fquations. 
11.  Finite  Continuous  G-roupe. 

15.  Klein's  Icosahedion  Theory. 

16.  Simultaneous  Equations,  including  Bestricted  Systems. 

IT.   Theory  of  Functions  of  a  Complex  Yariable,  according  to  Cauchy,  Bie- 
mann,  and  Weierstrass  (introductory). 

18.  Definite  Integrals  and  Fourier's  Series  (introductory). 

19.  Ordinary  Differential  Equations  (introductory). 

20.  Ordinary  Differential  Equations  (advanced). 

21.  Partial  Differential  Equations  (introductory). 

23.  Elliptic  Functions,  according  to  Legendre  and  Jacobi  (introductory). 

23.  Weierstrass's  Theory  of  Elliptic  Functions. 

24.  Elliptic  Modular  Functions. 

26.  Abelian  Functions  and  Integrals. 

26.  ThetarFunctioQB  of  Three  and  Four  Variables. 

27.  Biemann's  Theory  of  Hyperetliptio  Int^;ral8. 

28.  Biemann's  Surfaces  and  Abelian  Integnds. 

29.  Conic  Sections  1^  modem  analytic  methods  (introductory). 

30.  Quadric  Surfaces  by  modem  analytic  methods  (introductory). 

31.  General  Theory  of  Higher  Plane  Curves  (introductory). 

32.  Plane  Curves  of  the  Third  and  Fourth  Orders. 
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33.  General  Theory  of  Surfaces  and  Twisted  CnrreB  (introdnotoiy). 

34.  Surfaoea  of  the  Third  and  Fourth  Orders. 
36.  Twisted  Corvea  and  Developable  Surfaces  (adranced). 

36.  Applications  of  the  Infiniteaimal  Calculus  to  the  Theory  of  8 

37.  BAtional  and  Umform  TiansformationB  of  Curves  and  Surfaces. 

38.  Dnnmerative  Geometry. 

39.  Analysis  Situs. 

40.  Hyperspace  and  Kon-Euclidean  Geometry. 

41.  Modem  Synthetic  Geometry  (introductory). 

42.  Quaternions,  with  applications  to  geometry  and  mechanics. 

43.  Multiple  Algebra,  including  matrices,  quaternions, "  AusdehnangBlebre," 
and  eztensive  algebra  in  general. 

44.  Symbolic  Lc^c. 

Courses  designated  as  "  introductory  "  are  given  at  least  as  often  aa 
every  other  year,  and  attendance  on  them  is  required  of  all  candidates 
for  the  degree  of  Doctor  of  Philosophy  that  take  mathematics  as  their 
principal  subject.  The  other  courses,  intended  primarily  for  the  more 
advanced  students,  have  been  given  less  frequently  and  with  particular 
reference  to  the  suggestion  of  topics  for  original  investigation. 

In  connection  mth  his  lectures,  Assistant  Professor  Taber  has  eon- 
ducted  a  weekly  seminary  for  students  in  their  first  or  second  year,  for 
the  purpose  of  cultivating  in  them  an  active  attitude  toward  the  subjects 
treated,  instead  of  the  passive  attitude  usually  resulting  from  hearing 
lectures.  Topics  related  to  those  of  the  lectures  have  been  discussed 
by  the  students,  and  their  work  has  been  criticised  both  with  reference 
to  rigor  of  demonstration  and  manner  of  presentation.  In  this  way  some 
of  the  advantf^es  of  the  laboratory  and  the  practice  school  are  brought 
into  the  field  of  mathematics.  Professor  Story,  with  the  assistance  of 
the  other  instructors,  has  directed  the  more  advanced  students  individ- 
ually in  the  systematic  investigation  of  special  topics  that  promised  to 
afford  opportunity  for  the  discovery  of  new  results  and  methods,  —  a  task 
that  has  sometimes  required  the  professor  to  hold  weekly  three-hour 
conferences  with  each  of  four  students  during  nearly  the  entire  academic 
year  ;  but  we  believe  the  results  have  justified  this  unusual  expenditure 
of  energy. 

The  average  annual  number  of  studente  taking  mathematics  as  their 
chief  study  has  been  about  eight,  the  averse  duration  of  their  residence 
was  about  two  years,  and  more  than  one-third  of  them  have  received  (or  will 
undoubtedly  receive)  the  Doctor's  degree,  which  is  a  decided  Improve* 
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ment  in  every  respect  over  the  record  of  the  first  three  years.  The  pub- 
lished investigatiouB  of  these  students  are  enumerated  in  the  Bihliography 
at  the  end  of  this  TOlome. 


The  researches  of  an  instmctor  in  an  institution  of  this  kind  ore  not 
to  be  judged  solely  by  the  number  and  magnitude  of  his  printed  papers, 
as  many  of  them  are  naturally  turned  over,  in  a  more  or  less  incom- 
plete form,  to  his  pupils  for  further  investigation  and  more  adequate 
presentation ;  at  leaet  it  aeems  most  natural  and  desirable  t^at  an  in- 
stmctor should  suggest  to  his  pupils  subjects  for  investigation  on  which 
he  has  himself  worked,  and  for  whose  treatment  he  has  found  adequate 
methods. 

My  chief  subjects  of  investigation  have  been  :  — 

1.  Hyperspafie  and  Non-Euclidean  Geometry. 

2.  Algebraic  iBvari  ants. 

3.  Curves  on  Baled  Surfaces,  and  Bestiieted  Equations. 

4.  The  History  of  Mathematics  prior  to  the  invention  of  the  infinitesimal 
calculus,  and 

5.  A  Mathematical  Curriculmn  for  Piimaiy  and  3eoondaiy  Schools. 

I  have  developed  systematically  the  general  theory  of  space  of  any 
number  of  dimensions  from  assumptions  that  are  precisely  analogous  to 
those  on  which  the  scientific  treatment  of  threefold  space  is  usually  based, 
and  which  we  recc^uize  as  the  results  of  experience.  In  accordance  with 
this  gfflieral  theory,  I  have  thoroughly  investigated  the  properties  of  loci 
of  the  first  and  second  orders  and  some  special  loei  of  higher  orders. 
The  introduction  of  tiiie  most  general  kind  of  measurement  has  then  led 
me  to  an  equally  thorough  study  of  parallel  and  perpendicular  loci,  the 
curvature  of  loci,  areas,  and  volumes  in  the  most  extended  sense.  The 
first  part  of  these  results  has  already  appeared  in  the  MatheTnatieai 
Review,  and  I  hope  to  publish  the  remainder  within  a  short  time. 

Ever  since  tlie  appearance  of  Clebseh's  "  Theorie  der  binaeren  ^ge- 
braisohen  Formen,"  toward  the  end  of  the  year  1871,  when  I  was  study- 
ing in  Berlin,  I  have  taken  a  lively  interest  in  the  theory  of  algebraic 
invariants,  —  an  interest  that  was  greatly  augmented  by  my  association 
with  Sylvester  at  the  Johns  Hopkins  University  in  1876.  I  had  thought 
all  along  that  there  ought  to  be  a  direct  process  by  which  all  such  inva> 
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riants  could  be  obtained,  but  my  eSorte  to  find  it  had  failed.  A  course 
of  lectures  on  inTariants  that  I  have  given  eveiy  year  or  two  since  the 
opening  of  Clark  University  caused  me  to  renew  my  attempts,  and  the 
classic  paper  of  Hilbert  in  the  86th  volume  of  the  Mathmnaiitehe 
Annaleny  in  which  a  process  devised  by  Mertens  (and  which  I  regarded 
as  indirect,  inasmuch  as  it  involved  quantities  extraneous  to  the  matter 
in  question^  BU^ested  a  new  line  of  research,  which  happily  led  at  length 
to  the  long-sought  direct  process.  I  then  applied  this  process,  as  Hilbert 
had  applied  Mertena'e  process,  to  the  proof  of  Gordon's  theorem  that  all 
the  invariants  of  any  finite  system  of  quantics  of  finite  orders  can  be 
expressed  rationally  in  tenus  of  a  finite  number  of  such  invariants. 
These  results  were  published  in  the  Slathematuehe  Annofen  and  in  the 
Proceeding!  of  the  London  Mathernatical  Society.  I  have  spent  much  time 
in  trying  to  find,  by  means  of  the  process,  an  extension  of  Oayley's  for- 
mula for  the  number  of  linearly  independent  ground-forms  of  a  single 
binary  quantic  (extended  by  Sylvester  to  any  system  of  binary  quantics) 
to  the  case  of  quantics  involving  three  or  more  variables,  but  so  far  with- 
out success. 

In  my  lectures  on  surfaces  of  higher  orders  and  twisted  curves  I  have 
paid  particular  attention  to  the  algebraic  curves  that  lie  upon  a  given 
algebraic  surface.  If  the  given  surface  is  ruled,  the  corves  on  it  can  be 
classified  in  such  a  way  that  certain  problems  relating  to  a  curve  can  be 
solved  when  the  class  of  the  curve  is  known.  My  investigations  in  this 
direction  have  been  communicated  to  my  students,  some  of  whom  have 
already  solved  such  problems.  In  connection  with  my  investigations  on 
twisted  curves,  I  have  also  made  a  systematic  study  of  restricted  equa- 
tions, and  have  carried  the  determination  of  the  orders  of  such  syBtems 
much  farther  than  had  been  done  before. 

I  have  lectured  at  various  times  on  the  early  history  of  mathematics, 
with  special  reference  to  the  development  of  arithmetical  and  algebraic 
symboUsm,  and  have  collected  a  large  number  of  syst«ms  of  such  symbols, 
which  I  hope  sometime  to  utilize  for  a  monograph  on  the  subject. 

In  connection  with  a  course  of  lectures  delivered  for  two  years  at  the 
Summer  School,  I  arranged  a  mathematical  curriculum  for  primary  and 
secondary  schools,  which  will  be  published  when  I  can  find  the  leisure 
necessary  to  prepare  the  explanatory  text. 

At  my  request,  Assistant  Professor  Taber  has  furnished  the  material 
for  an  account  of  his  personal  researches,  which  involves  such  a  complete 
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and  excellent  histoiy  of  the  theory  of  matrices  that  it  seems  to  me  inad- 
visable to  abbreviate  it ;  I  therefore  append  it  to  this  report  at  length,  for. 
the  benefit  of  those  readers  who  may  be  interested  in  the  subject. 


Dr.  Taber's  researches  have  been  devoted  to  the  development  of  the 
theor7  of  matrices,  and  its  application  to  bilinear  forms,  multiple  algebra, 
and  theory  of  finite  continuous  groups.  The  calculus  or  theory  of  matrices 
was  invented  by  Professor  Caylej  (see  his  *'  Memoir  on  the  Theory  of 
Matrices,"  PhU.  3Van«.,  1858),  and  has  proved  an  instrument  of  great 
power  in  the  theory  of  linear  transformation,  bilinear  forms,  and  for  the 
investigation,  generaUy,  of  the  projective  group.*  In  order  to  explain 
the  work  done  by  Dr.  Taber  in  this  direction,  a  few  words  of  explanation 
will  be  necessary  to  describe  the  work  done  by  Cayley  and  others. 

Associated  with  any  linear  substituti<m 


"'-%• 


OffXf  (*  =  1,  2,  —  ») 


is  the  bilinear  form  •'^  = /^^  f^^t^p  which  may  be  regarded  as  repre- 
senting this  substitution,  or  vice  verga ;  and,  in  the  theory  of  matrices,  we 
do  not  need  to  distinguish  between  this  linear  substitution  and  the  asso- 
ciated bilinear  form,  or  between  either  and  the  matrix  f ,   ,      r*'^         ) 

\t,^  =  1,  %:.nj 

common  to  both.  If  now  B  denotes  the  bilinear  form  V^  \  b^x^y,  ot 
its  associated  linear  Bubstitution,  A±B  will  denote  the  bilinear  form 
^  ^  (%  -I-  h^XiH},  or  its  associated  linear  transformation ;  and  AS 
will  denote  the  bilinear  form  /,/,{/,  "a^^iVtyji  or  its  associated 
linear  substitution  (obtained  by  the  composition  o£  the  linear  substitutions 
A  and  B').     Equivalence  between  two  bilinear  forms  or  linear  substitu- 

I  B7  meiuiB  of  this  caJculiiB  vei?  ImporUnt  remits  have  been  obtained  by  Caylej  blmaeK, 
by  ^iTeater,  FrobeDiua,  Yom,  Wayer,  Study,  and  others ;  and,  by  methods  osaenlially  alml- 
lar,  Eronecker  obtained  important  theorenu  oq  the  ortliogoiial  group  to  wlilcli  lefereiiM  is 
made  below. 
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tions,  A  and  S,  is  denoted  by  writing  A  =  B.    Farther,  in  what  follows, 

I  will  denote  the  identical  transf onnation,  represented  by   >^  x^t,  and 

A"'  the  form,  or  substitution,  satisfyiog  the  symbolic  equation  AA-^ 

=  A~^A  ■=  I;  A  will  denote  the  bilinear  f  orm^  ^  Oj^iSj,  transverse 

or  conjugate  to  4=^^^   (^^mp  aod  |j1|  will  denote  the  determinant 

of  the  matrix  A.  A  is  said  to  be  symmetric  'H  A=  A,  and  alternate,  or 
skew  symmetric,  if  J[  =  —  A.'^ 

Oayley  was,  perhaps,  led  to  the  invention  of  this  calculus  by  his 
researches  upon  orthogonal  substitution,  OreUe  (1846),  Vol.  82.  For 
in  Orelle,  Vol-  50,  three  years  before  the  publication  of  his  memoir  on 
matrices,  he  expressed  the  results  of  these  researches  in  the  notation  of 
matrices.  Thus  Cayley  showed  that  the  general  expression  for  the  proper 
orthogonal  substitution  in  n  variables  is  (/— B)(J+5)~*,  where  B 
denotes  an  arbitrary  alternate,  or  skew  symmetric,  linear  substitution; 
and  this  expression  gives  Cayley's  determination  of  the  coefficients  of  a 
proper  orthogonal  substitution  in  »  variables  as  rational  functions  of  the 
essential  parameters,  Jn(»  —  1)  in  number. 

Again,  in  his  "  Memoir  on  the  Automorphic  Linear  Transformation  of 
a  Bipartite  Quadrate  Function  "  (PMl.  2Va»«.,  1858),  Cayley  showed  that 
the  general  automorphic  linear  transformation  (linear  transformation  into 

itself)  of  a  symmetric  (alternate)  bilinear  form  A  =  y^  \^  I'^if^i  ^th 

cogredient  variables  and  of  non-zero  determinant,  may  be  represented  by 
(A  +  X)~*(-A  —  X'),  where  X  is  an  arbitrary  alternate  (symmetric)  bi- 
linear form.  This  expression  gives  in  the  first  case  (when  A  is  symmet- 
ric) Hermite's  determination  of  the  general  proper  automorphic  linear 
transformation  of  a  symmetric  bilinear  form,  and,  in  the  second  case 
(when  A  is  alternate),  Cayley's  determination  of  the  transformation  into 
itself  of  an  alternate  bilinear  form.  Further,  in  this  same  memoir  Cay- 
ley showed  how  to  reduce,  to  the  solution  of  a  system  of  n'  linear  equa- 
tions, the  rational  determination  of  tiie  n'  coefficients  of  the  automorphic 
linear  transformation  of  a  general  bilinear  form  A  (neither  symmetric 
nor  alternate)  with  cogredient  variables  and  of  non-zero  determinant. 
Namely,  he  showed  that  the  general  formula  for  such  a  substitation  is 

1  In  tike  flrtt  sue  o^  =  o^f.  In  the  Moond  o^  =  —  o^  (i,  ^  =  1,  S,  —  n). 
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CA.  +  X)-*  (A  -  X),  where  Xsatisfies  the  condition  (Jt)-"  i+  A-'X=  0. 
This  result  includes  the  determination  of  the  general  automorphic  trans- 
formation of  A,  when  A  is  symmetric  and  when  A  is  alternate.  It  also 
LDcludes  Cajley's  determination  of  the  coefficients  of  an  orthogonal  suhsti- 
tation  to  which  it  reduces  when  A  =  I. 

In  what  follows  O-  will  denote  the  group  of  proper  antomorphic  linear 
transformations  of  A  (the  a^a  and  y's  being  oogredient),  and  &'  the  proper 
orthogonal  group.  A  transformation  Toi  G  (or  of  O-')  is  termed  tittffvlar 
if  —1  is  a  root  of  its  charactenstic  equation  (namely,  |  T—pI\  «  0); 
otherwise,  tum-nt^fulfo'.  Every  non-singular  transformation  of  group  G- 
(or  &')  is  given  by  Cayley's  formula,  and  may  be  tenned  a  Caj/leytm 
transfonnatioQ  of  the  group.  ^  No  singular  transformation  of  group  G  ia 
given  by  Cayley's  expression  or  determioatioQ.  But  for  A  alternate,  also 
when  A  is  neither  symmetric  nor  alternate  provided  \  A  ±  A\  '^0,  Dr. 
Taber  showed  in  1894  (^Proc.  Am.  Aead.  Artt  and  Seiencea,  Vol.  29)  that 
group  tf  is  generated  by  the  Cayleyan  traoafonnations  of  the  group, — 
each  transformation  T  of  this  gronp  being  obtained  by  the  composition  of 
a  finite  number  of  Cayleyan  transformations.  In  the  same  paper  Dr.  Taber 
also  showed  that  the  sub-group  of  orthogonal  transformations  of  G^  is, 
similarly,  generated  by  the  non-singular  orth(^nal  transformations  of 
this  sub-group,  when  A  is  alternate,  and  when  A  ^  ±  A  provided 
\A±A\^0, 

This  theorem  is  similar  to  a  theorem  relating  to  the  orthogonal  group 
(group  ff')  established  by  Krone(^er  in  1890  ("  Ueber  orthogonale  Sys- 
teme,"  Sitxut^therich,  d,  Preuta.  Akad,'),  who  showed  that  this  group 
is  generated  by  the  Cayleyan  transformations  of  the  gronp,  each  trans- 
formation  T  of  this  gronp  being  obtained  by  the  composition  of  two 
Caylej^an  transformations, — -the  coefficients  of  each  of  the  Cayleyan 
transformations  being  rational  functions  of  the  coefficients  of  T. 

In  1895  CMath.  Am.,  Vol.  46)  Dr.  Taber  showed  that,  if  A  is  real  and 
alternate,  every  real  transformation  Tof  (?  can  be  obtained  by  the  com- 
position of  two  real  Cayleyan  txunsfonn&tions  of  this  group.  This 
theorem  was  obtained  independently  and  extended  widely  by  Dr.  Loewy, 
who  in  1896  (^Math.  Atm.,  Vol.  48)  showed  that,  if  J.  is  irreducible 

1  For  the  cue  In  which  A  la  Bymmetrlo,  the  determination  of  the  coefBcients  of  T,  given 
by  Oftfley'a  fonnnlft,  U  properly  Hermlte'B;  but  it  ia  not  conreiilent  to  dlstingoish  here 
between  this  oaae  and  ths  other  two  casea,  name!]',  when  A  is  alternate,  or  is  neithet 
lymmelrto  nor  alternate,  when  the  determination  ia  Cafler'a. 
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(which  case  includea  that  in  which  A  is  alternate),  every  transformatioQ 
of  Q-,  real  or  imf^iuary,  can  be  obtained  by  the  compoBition  of  two 
Cayleyan  transformatioDB  of  the  group,  and  that,  therefore,  when  A  is 
irreducible,  there  is  no  tranafoimation  of  the  kind  termed  by  Foss 
ettentidUy  tingiUar,^  that  is  to  say,  which  cannot  be  obtained  by  the  com- 
position of  two  non-singular,  or  Cayleyan,  transformations. 

For  a  reducible  form  A  not  every  singular  transformation  of  ff  can  be 
obtained  by  the  composition  of  two  Cayleyan  transformations  of  this 
group.  Nevertheless,  Dr.  Taber  showed  in  1897  (_Math.  Beviea,  Vol.  1) 
that  in  avery  case  the  Cayleyan  transformations  of  <f  form  a  group  by 
themselves ;  that  the  composition  of  any  number  of  Cayleyan  transforma- 
tions of  &  results  in  a  transformation  that  can  be  obtained  by  the 
composition  of  two  Cayleyan  transformations  of  this  group;  and  that  thus 
the  composition  of  Cayleyan  transformations  never  gives  rise  to  an 
essentially  singular  transformation. 

It  is  to  be  noted  that  from  Cayley's  formula  for  a  transformation  T  of 
Cf^,  namely, 

T=iA  +  X)->  (-4  -  X)  =  (J-  A-^XyiI+  A-'X}-\ 

we  derive  X=A(1-T)(1  +  T)-^; 

and,  therefore,  the  parameters,  namely,  the  coefficients  of  X,  which  enter 
into  the  determination  of  T,  can  be  expressed  rationally  in  the  coefBcients 
of  Toad  of  A.^  Similarly,  in  the  memoir  by  Kronecker  mentioned  above, 
he  has  shown  that  the  coefficients  of  the  two  Cayleyan  transformations, 
whose  composition  gives  the  general  transformation  T  of  group  G',  can  be 
expressed  rationally  tn  the  coefficients  of  T.  For  A  real,  alternate,  and 
orthogonal.  Dr.  Taber  gave,  in  the  paper  in  the  Mathematisohe  Annalen 
mentioned  above,  the  determination  of  the  coefficients  of  the  two  Cayleyan 
transformations  C^  and  O^  whose  composition  gives  any  real  transforma- 
tion Tot  0;BS  rational  functions  of  the  coefficients  of  T and  of  A.  This 
determination  of  Oj  and  C,  he  has  since  extended  to  the  case  in  which  T 
is  imaginary,  and  A  any  alternate  bilinear  form.' 

Dr.  Taber  has  pointed  out  that  the  transformations  of  O-,  both  when 
A  is  irreducible  and  when  A  is  reducible,  are  in  general  of  two  essentially 

I  Abhand.  d.  k.  Bager.  Akad.  d.  TTCm.,  It  CI.,  7VII.  Bd.,  H.  Abth.  1890,  p.  TT. 

*  Between  these  parametera  when  A  1b  neither  Bymmetrlo  nor  Kltemiite  n*  eqnationa 

*  See  papers  to  appetti  In  Ave.  ^m.  Acad,  of  Art*  and  BeieneeM,  VoL  86. 
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different  kinds.    The  difference  between  the  two  kinds  of  transformations 
of  (7  is  given  by  the  following  theorem ;  — 

(I.)  Xf  we  den^nate  a  trat^formation  of  group  G  as  of  the  firtt  or  geo' 
and  kind  according  aa  it  is  or  is  not  the  teeond  power  of  a  tran^ormation 
of  the  group,  then  every  transformation  of  the  fint  kind  it  the  mth  power 
of  a  tran^ormation  of  the  group,  for  any  potitive  integer  m,  and  can  he 
generated  by  the  repetition  of  an  injinitenmal  transformation  of  the  group. 
A  tran^ormMion  of  the  second  kind,  by  definition  not  an  even  power  of  any 
transformation  of  the  group,  it  always  the  (2ni  + 1)**  power  of  a  tran^orma' 
Hon  of  the  group  for  any  odd  exponent  2m+  1.  But  no  tran^ormation  of 
the  second  kind  can  be  generated  by  an  infinitesimal  tran^ormation  of  the 
group. 

(II.)  Every  Cayleyan  tran^ormeUion  of  group  G  it  a  tran^ormation 
of  the  first  kind;  whereat,  a  non-Oayleyan  tran^onnation  it,  in  general,  of 
the  teeond  kind.^ 

Dr.  Taber  has  also  given  the  conditions  necessaiy  and  snfEcieut  that 
a  transformation  T  of  group  O-  may  be  of  the  first  kind  for  the  case  in 
which  A  is  symmetric  (which  includes  the  case  when  ^  =>  J,  in  which  case 
&  becomes  G^},  and  for  the  case  when  A  is  alternate.' 

Dr.  Taber  has  shown  that,  if  Jl  is  neither  symmetric  nor  alternate  and 

^TUbvu  proredfor  the  orthogonal  gronp  In  ISM,  Bull.  Am.  Math.  Soe.,YoL  3.  At 
the  ooncliuioi)  of  tU*  paper  It  ms  Btated  thM  a  ptedsely  aimUar  OkeoTem  held  for  what 
to  hen  derignated  aa  group  0.  In  die  Xath.  Ann.,  1895,  Vol.  16,  the  theorem  ma  {nvved 
tor  group  6  when  A  Is  alternate;  for  the  caae  In  which  A  ia  Rymmetrio,  In  the  Proe. 
Lond.  Xath.  Soc.,  1896,  Vol.  3S;  and  for  the  general  case.  In  the  Math.  Jt»eie^,  1697, 
Vol.1. 

*  Tor  tlie  orthogonal  group,  to  which  Q  tedncea  when  A  =  I,  the  condltlona  neceaaary  and 
■offloient  that  a  banaformation  shall  tw  of  the  flrst  Idnd  were  gtven  by  Dr.  Taber  tn  a  com- 
mnnicationtotbeAmertcan  Aoademy  of  ATtaandSciencea,Maroh,lS96.  (See  Proeeedlngt, 
VoL  SO,  p.  661.)  The  naceaalty  and  suScienoy  of  these  conditions  was  afterwards  ehown  In 
Froe.  Zi<md.  MatA.  Soc.,  1696,  Vol.  36,  and  the  theory  for  the  orthogonal  group  extended 
to  gtoap  OloiA  symmetric.  It  was  not  explioltty  staled  In  this  paper  that  the  conditions 
gimi  tor  the  orthogonal  group  hold  for  &  when  A  Is  ^mmetrio,  being  so  obrloos  a  conae- 
qnence  of  the  considerationa  adduced.  This  does  not  seem  to  Iiare  been  recognized  by  Dr. 
IiMwy,  who  refers  to  this  paper  but  gives  the  ueceasary  aikd  sufScient  condltlona.  Math. 
Ann.,  VoL  48,  wlun  A  is  symmetric  as  an  eztenaion  of  Dr.  Taber's  theorem  for  group  G'. 

For  A  alternate  the  neceesary  and  sufficient  condidona  were  ^Ten  by  Dr.  Taber  In  a 
communication  to  the  American  Academy  of  Arte  and  Sciences,  January,  1896.  (See  Jhv- 
eeediitfft.  Vol.  81,  p.  819.)  The  neoeaalty  of  these  condltlona  has  previously  lieen  shown  by 
Dr.  Taber  In  the  Math.  Ann.,  VoL  16.  In  Vol.  19  (1897),  Dr.  Loewy  gave  the  condltlona  a* 
sufficient,  nndonbtedly  without  knowledge  of  Dr.  Taber'a  priori^  in  the  statement  of 
this  theorem. 
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iJt  ±  Al^  0,  group  G^ooDtaioB  no  transformation  of  tlie  second  kind.  Thia 
theorem  leads,  for  the  case  mentioned,  to  the  following  rational  repreaen- 
tation  of  aaj  transformation  of  this  group,  namely, 

where  (_A)-^ ^  +  A-^ X  =  0.  Moreover,  Dr.  Taber  has  shown  that  the 
Bub-gronp  of  orthogonal  transformations  of  O-  oontains  no  transf onnation 
of  the  second  kind  when  A  is  alternate.^ 

The  detennination  of  the  congruent  transformations  between  two  bi- 
linear forms  is  the  natural  generalization  of  the  problem  to  determine  the 
automorphio  linear  transformations  of  A.  A  determination  of  the  trana- 
formations  between  A  and  B  depending  on  the  solution  of  a  single  equa- 
tion of  degree  n  has  been  given  hy  Dr.  Taber  (^Mathematicai  ItevUtB,  Vol. 
1, 1897),  which  holds  for  any  case  whatever  in  which  A  and  B  are  both 
Bymmetrio  or  both  alternate. 

The  theory  of  matrices,  or  bilinear  forms,  is  closely  related  to  the 
theory  of  Hamilton's  linear  vector  functions.  In  the  American  Journal 
of  MatAematictf  Vol.  12,  Dr.  Taber  has  given  a  development  of  the 
theory  of  matrices,  proving  many  of  the  fundamental  theorems,  from  the 
point  of  view  of  Hamilton's  theory. 

One  of  Sylvester's  most  important  contributionB  to  the  theory  of 
matrices  was  a  general  formula,  given  in  the  Comptet  Rendu),  Vol.  94, 1882, 
expreesing  any  power,  integral  or  fractional,  of  the  bilinear  form  or  matrix 
.4  as  a  polynomial  in  j1  of  degree  »— 1.  Thu8,if  5  =  J.^  where /*  is  any 
fraction,  and  if  />!,  ^  .../>.  are  the  roots  of  the  charaoteriatio  equation 
of  A,  we  have 

p_^^(.A-p^(A-pjy-(A-pjr) 

*       (/>1-Ps)(fil-Pt)-<J>1-Pm) 

By  means  of  this  theorem  the  determination  of  a  matrix  or  linear  substi- 
tution whose  f»th  power  is  equivalent  to  4  is  rednced  to  the  solution  of  a 
single  algebraic  equation  of  degree  n.  This  formula  was  afterwards  ex- 
tended by  Sylvester  to  any  fonction  of  the  matrix  A?    Thus  we  have 

>  Sm  BM.  Am.  Math.  &>c,  BetlM  t,  VoL  2,pp.$  ftnd  101. 
■  JiAnt  JTopMM  ITnAr.  CXreiOar*,  No.  28,  ToL  8,  p-  84. 
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Neither  of  theee  fonDolsa  applies  unless  the  roots  of  the  ohanicteriBtia 
equation  of  A  are  all  distinct.  For  the  general  case,  in  whicdi  the  roots 
of  the  oharacteristic  equation  have  anj  given  multiplicities,  a  formula  for 
f(A)  has  been  given  hj  Dr.  Taber.'  Thus,  if  the  distinct  roots  of  the 
oharacteristic  equation  are  pj,  Pp  —  p„  respectively  of  mtiltaplioity  414,  m^ 
...Bv,  and  if  A'^  =  Ai« ...  ^_i<«A^i«  ...  ^t«,  where  Jj'«  denotes 

liA  -  pjy^  -  (ft  -  pO-vz]-*  :  [( -  i)'if(ft  -  ft)-r.], 

then 

For  fltj  =  fft,  =  ■•■  flt,  B 1,  this  reduces  to  Sylvester's  formnla. 

The  theory  of  matrices  stands  in  a  very  special  and  important  relation 
to  the  theory  of  higher  complex  quantity  (multiple  algebra).  Namely,  a 
class  of  systems  of  complex  numbers  with  »^  units  arises  from  the  theory 
of  lineal  transformation,  ■—■  that  is  to  say,  a  matrix  of  n^  elements  gives 
rise  to  a  system  of  n'  units  a^  with  the  special  multiplication  table  0^  e^t  = 
*tto  *«  '«  '  0  tory  =^  k.  Multiple  algebras  (systems  of  complex  numbers) 
of  this  class  have  been  termed  by  Mr.  Charles  S.  Peirce  quadrate  alge- 
bras, or  quadrates ;  and  Peirce  has  shown  that  the  p  units  of  any  system 
<^  complex  nombers  (the  p  units  of  any  multiple  algebra)  can  be  expressed 
linearly  in  terms  of  the  tfl  units  of  a  quadrate.'  Whence  it  follows  that 
the  theory  of  any  system  of  complex  numbers  is  identical  with  the  theory 
of  the  combination  by  multiplication,  addition,  and  subtraction,  of  a 
certain  system  of  p  matrices. 

The  first  quadrate  algebra,  namely,  that  with  four  tmits,  is  identical  with 
the  quaternions  with  the  inu^^inary  (Hamilton's  bi-qnatemions),  as  was 
fiiBt  expUcitiy  pointed  out  by  Professor  Benjamin  Peirce.  That  is  to  say, 
by  substituting  for  the  original  units  e^  a  certain  system  of  four  linearly 
independent  linear  functions  of  the  four  units  we  obtain  a  system  of  com- 
jiex  numbers,  1, »,  y,  k,  which  can  be  substituted  for  the  original  units,  and 
whose  mnltiplicatiou  table  is  ?  =  j*  =  ^  =  —  1, 1*  =il,  etc.,  v  =  —jt  =  k, 
ete.  Let  now  i',/,  f  be  a  new  system  of  quaternion  unit  vectors  having 
the  multiplication  table  »''  =  y  =  *«  =  - 1,  fj'  =»  -  ff  =  V,  etc.  And 
let  a  third  system  of  units  be  formed  by  the  combination  of  these  two  sys- 

1  JbA. ..dM.,  Vid. 40, p.  B88.  Seealw  FnN!.^m.  Jead.o/wlrttaMliSc)<MM«,  U08,  Vol 
n,  p.  46  «t  aeg.  •  See  Am.  Jour.  MaA.,  Vol.  4,  pp.  122  and  U6. 
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tems,  it  beings  assumed  that  each  of  the  one  ayatem  of  qaatemion  unit 
vectors  is  commutative  with  each  unit  vector  of  the  other  system.  That 
is  to  say,  that  v!  =  i'i,  \f'  =j'i,  etc.  We  get  thus  sixteen  units,  1,  i,  j, 
k,  %',  j',  k',  and  the  nine  binary  products  it',  ig',  etc.  Dt.  Taber  has  shown 
that  the  system  of  units  thus  obtained  is  identical  with  the  quadrate  of  six- 
teen units.  The  same  is  true  if  we  had  combined  the  four  original  units 
of  tiie  quadrate  with  four  units,  namely,  e„  (r,  «  =  1,  2)  with  a  similar 
system  of  another  quadrate,  viz.,  «'„  (r,  «  =  1,  2),  — assmning  that  «^'m 
■*  ^ta^n-  1'be  resultant  system  has  sixteen  units,  and  is  the  quadrate  with 
sixteen  units.*  Dr.  Taber  has  estabUshed  a  general  theorem  including 
the  one  just  given.  Kamely,  he  has  shown  that,  if  n  «  wjt,  the  quadrate  of 
n^  units  is  a  compound  of  two  quadrates  severally  with  m  units  and  p  units, 
the  units  of  one  quadrate  system  being  conunutative  with  each  unit  of  the 
other  quadrate.^  Whence  it  follows  that  if  the  prime  factors  of  n  are  S^, 
3p...^andn=:  h^&j^"-h,  >■,  the  quadrate  of  n*  units  is  a  compound  of  n^ 
quadrates  each  with  £|*  units,  ^  quadrates  each  with  £,'  units,  etc. 

The  general  projective  group  holds  a  position  of  special  importance 
in  Lie's  theory  of  finite  continnotis  groups.  For  the  adjoined  group  T  of 
any  finite  continnons  group  0,  by  means  of  which  the  sub-groups  of  0  are 
determined,  will,  if  the  equations  of  transformation  of  this  group  are 
properly  chosen,  appear  as  a  sub-group  of  the  general  projective  group. 
Thus  the  theory  of  matrices  is  of  importance  in  the  investigation  of 
certain  problems  of  Lie's  theory,  since  this  calculus  furnishes  a  convenient 
instrument  for  the  treatment  of  the  general  projective  group. 

The  chief  theorem  of  Lie's  theory  states  that  if  a  system  of  infinitesi- 
mal transformations  satisfies  certain  conditions,  they  generate  a  group 
with  continuous  parameters,  each  of  whose  finite  transformatlona  can  be 
generated  by  an  infinitesimal  transformation  of  the  group.'  In  1892 
Professor  Study  made  the  extremely  important  discovery  that  this 
theorem  is  subject  to  certain  limitations,  —  showing  that  an  exception  to 
this  theorem  existed  in  the  case  of  the  special  linear  homogeneous  group  in 

>  Am.  Jovr.  MaA.,  VoL  13,  p.  891. 

*  Ibid.  Thla  theorem  wu  obt^ned  Independently,  tmt  mbMqaentljr,  b7  PrafeHor  Stndy. 
See  ■>  UjUh.  Papen  of  InUnut.  H»th.  CongraM  of  1898,"  p.  878. 

*  TraiitformiuiQnigTvpp«n,  VoL  1,  pp.  T&,  168 ;  ConHnvUrHAt  Ompptn,  p.  800.  Lie 
origlnftlly  defined  a  finite  cantinnooa  groap,  ralistuitUlly  (  Trant.  Chp.,  p.  8) ,  u  a  group  with 
oontiniunu  puameten.  Ultimatolj,  be  Maomed  thM  In  a  oonUnoona  group  u  Uuu  defined 
eaoh  tmialormatlon  oia  lie  generated  by  an  '"""'t^*"''  tmutoimation  of  the  group  (Coi»- 
tln.Orp;P-876). 
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tiro  variables,  namely,  tbat  not  every  transformation  of  this  gronp  can  be 
generated  by  an  infinitesimal  transformation  of  the  group.'  Subsequently, 
in  1898  (_Am.  Jour.  Math.,  Vol.  16),  Dr.  Taber  showed  that  the  orthogonal 
group  in  n  variables  (for  n  ^  4)  also  presents  an  exception  to  Lie's 
theorem;  and  in  1895  gave,  in  a  oommunioation  to  the  American  Academy 
of  Arte  and  Sciences,  the  conditions  necessary  and  sufficient  that  a  proper 
ordiogooal  substitution  may  be  generated  by  an  infinitesimal  orthogonal 
sabstdtation.' 

For  n  >  2  also,  the  special  linear  homt^eneons  gronp  in  n  variables  is 
continuoiis  only  in  the  neighborhood  of  the  identical  transformations. 
For  two  variables,  Study  gave  the  conditions  necessary  and  sufficient  that 
a  transformation  of  this  group  may  be  generated  by  an  infinitesimal  trans- 
formation of  this  group.  Dr.  Taber  gave,  in  1896  (^BuU.  Am.  Math.  iStx;., 
Series  2,  VoL  2,  p.  2S1),  these  conditions  for  n  variables ;  also  the  conditions 
necessary  and  sufficient  tbat  a  transformation  of  the  special  linear  homo- 
geneous group  may  be  the  mth  power  of  a  transformation  of  this  group. 
From  these  conditions  it  appears  tbat  the  nth  power  of  any  transforma- 
tion of  this  group  can  be  generated  by  an  infinitesimal  transformation  of 
tins  group;  and  that  the  transformations  of  this  group  can  be  divided  into 
as  many  genera  as  there  are  prime  factors  of  n.  Thus,  if  &  is  a  prime 
factor  of  n,  there  are  transformations  of  this  group  whose  »/£th  power,  but 
no  lower  power,  can  be  generated  thus.^ 

Dr.  Taber  has  shown  that  the  following  groups  are  not  continuous, 
except  in  the  neighborhood  of  the  identical  transformations,  nunely,  the 
group  (f,  mentioned  above,  for  A  symmetric  or  ^temate,  and  in  general 
when  A  is  neither  symmetric  nor  alternate,  provided  either  |  J[  +  il  |  or 
\A—A\ia  equal  to  zero.*  For  all  these  groups  the  infinite^mal  trans- 
formations satisfy  Lie's  criterion. 

Dr.  Taber  has  also  shown  that  the  foUowii^  groups  are  continuous, 
namely,  gronp  Cf  when  \A±A\^0,  the  sub-group  of  orthogonal  trans- 
formations of  &t  for  A  alternate,  and  the  group  of  automorphic  linear 

transformations  of  a  bilinear  form  A  =  2]  /_. ^^^i>  °^  non-sero  deter- 
minant, the  2*8  and  ^s  being  contra-gredient.' 

1  Zt^Migt  BeriOita,  1893. 

■  8m  Ave.,  Vd.  80,  p.  661.    Tbli  TMnlt  Is  refen«d  to  slwn  on  p.  7T. 

■  Se«  BnU.  Jm.  Math.  8oe.,  SmtM  S,  VoL  8,  p.  0.  •  8m  p.  TT,  noU  1. 
•  Bm  p.  TT  aboTo,  alao  Froe.  Am.  Acad.  ArU  and  BcUmu,  Vol.  81,  p.  181. 
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loTestigations  npon  the  continuity  of  the  groupa  in  two  and  three 
Tariables  have  been  carried  on  under  Dr.  Taber's  eupervision  by  certain 
of  the  students  in  the  mathematical  department.  Dr.  E.  G.  Better  haa 
investigated  the  continuity  of  all  the  two  and  three  fold  groups,  fifty-nine 
in  number,  enumerated  by  Lie,  Contimderliche  Gruppen,  pp.  288  and  519 ; 
and  shown  that  twen^-one  of  these  groups  are  discontinuous.^  Mr.  F. 
P.  Williams  has  investigated  the  continuity  of  certain  groups  of  the 
plane,  not  treated  by  Mr.  Rettger ;  and  Mr.  S.  E.  Slooum  has  pointed 
out  the  nature  of  Lie's  error  in  his  demonstration  of  the  fundamental 
theorem  referred  to  above.* 

If  a  system  of  real  infinitesimal  transformations  satisfy  a  modification 
of  the  Lieschen  criterion.  Lie  states  that  they  generate  a  real  continuous 
group,  that  is,  a  group  witii  continuous  parameters,  each  transformation  of 
which  can  be  generated  by  an  infinitesimal  transformation  of  the  group. 
But  this  theorem  is  subject  to  certain  modifications. 

Dr.  Taber  has  shown  that  the  group  of  real  proper  orth<^naI  trans- 
formations is  continuous;'  also  that  in  the  groups  of  real  transforma- 
tions enumerated  below  not  every  transformation  can  be  generated  by  an 
infinitesimal  tran^ormation  of  the  group,  namely,  — 

the  real  projective  group,* 
the  general  and  special  real  linear  groups, 
the  general  and  the  special  real  linear  homc^eneons  groups, 
the  sub-group  of  real  transfonnations  of  &,  for  A  real  and  either 
alternate  or  symmetric. 

Further,  that  if  G  denotes  either  of  the  groups  just  enumerated,  the  first 
part  (I)  of  the  theorem  of  p.  77  holds.  And  he  has  given  the  con- 
ditions necessary  and  sufficient,  for  each  of  die  first  three  of  the  groups 
just  enumerated,  that  a  transformation  of  this  group  may  be  generated  by 
an  infinitesimal  transformation  of  this  group.' 

Let  0  denote  a  group  generated  by  the  composition  of  r  one-fold 

*  I'iroe.  Am.  Aead.  of  Art*  and  A^teneet,  ToL  88. 

*  Sm  papera  to  appear  in  YoL  36  of  the  Proe.  An^.  Acad,  of  ArU  and  iSbfmoM. 

*£ull.  Am.  JHcKh.  Boc  for  July,  18M.  See  ■In  Av«.  ^m.  AeaA.  of  ArU  and  iSMence*, 
VoL  37,  p.  163. 

*  For  tbe  real  projective  gioap  this  was  flnt  pointed  oat  t?  Protenot  H.  B.  Newson, 
mm»a»  [Tnfv.  Quart,  1806. 

*  BuU.  Am.  Math.  So6.,  Series  2,  Vol.  8,  p.  S3S  •(  log.  Also  Proe.  Am.  Aaai.  of  ArU 
and  SetmetM,  YoL  81,  p.  880,  aod  YoL  89,  p,  IT. 


.y  Google 


MaihenuUics.  83 

groups  (each  oontainmg  the  identical  transfonnation),  namely,  Gi"',  Oi*", 
"•Oi"'>,  whose  infinitesimal  transformations  satisfy  Lie's  criterion.  It  may 
happen  that  a  transformation  T  of  one  (or  more)  of  these  one-fold 
groups,  as  Gi''^,  combined  with  any  transformation  of  another  of  the  one- 
fold sub-groupa,  aa  Gi*'*  (in  particular  with  the  infinitesim^  tiansforma- 
tion  of  Gi**'},  results  in  a  transformation  that  cannot  be  generated  by  an 
infinitesimal  transformation  of  G.  Any  such  transformation  T,  together 
with  any  transformation  T  of  0  that  cannot  be  generated  by  an  infinitesi- 
mal transformation  of  this  group,  may  be  termed  tingidar;  all  other 
transformations  of  G  will  then  be  Tion-tinffular.  In  a  paper,  of  which  an 
abstract  was  read  at  the  February  meeting  of  the  American  Mathematical 
Society,  1899,  Dr.  Taber  showed  that,  if  G  is  a  sub-group  of  the  projective 
group,  any  singular  transformation  of  G  can  always  be  obtained  by  the 
composition  of  two  non-singular  transformations  of  G ;  and  moreoTer 
that,  if  T  is  any  singular  transformatiou  of  G  not  generated  by  an  infini- 
tesimal transformation  of  Q,  a  transformation  T^,  generated  by  an  infini- 
tesimal transformation  of  G,  can  always  be  found  which  can  be  made  to 
approadi  aa  nearly  as  we  please  to  T  by  taking  p  sufficiently  small,  so 
that    lim^o  Tf  =  T. 
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The  work  of  a  Department  of  Pbfsics  in  a  uniyeraily  at  the  present 
time  may  be  best  understood  after  a  brief  surrey  of  some  of  the  chief 
achievementa  of  the  science  during  the  present  centoiy.  As  we  in  this 
country  have  our  attention  called  more  frequently  to  the  aohieTements  of 
applied  than  to  those  of  pure  science,  it  is  worth  while  to  dwell  somewhat 
upon  the  influence  of  pure  science  upon  applied,  and  upon  its  contribution 
to  the  progress  of  civilization.  At  the  beginning  of  the  century,  the 
various  sabjecia  that  together  make  up  the  science  of  Physics  were  in  a 
very  imperfect  state.  Of  heat,  light,  sound,  electricity,  and  magnetism, 
little  that  we  now  accept  was  known,  while  of  that  little  still  less  bad 
been  applied  to  practical  matters.  The  science  of  mechanics,  upon  which 
the  whole  superstructure  of  physics  must  inevitably  rest,  had  indeed  been 
set  upon  a  firm  basis  by  the  immortal  Newton,  while  its  principles  had 
recently  been  formulated  by  the  distinguished  mathematician  Lagrange, 
in  a  way  so  broad  and  powerful  that  it  has  not  since  been  improved  upon. 
The  science  of  pure  mathematics  had  of  course  arrived  at  a  high  degree 
of  perfection,  and  many  of  the  leading  mathematicians  had  devoted  their 
best  efforts  to  the  sabject  of  mechanics.  But  while  a  large  number  of 
investigators  had  laid  the  foundations  of  our  present  knowledge  by  the 
method  of  experiment,  the  habit  of  qaestiomng  nature,  instruments  in 
hand,  had  as  yet  by  no  means  become  general.  This  habit  of  direct 
experimental  research  is  certainly  in  large  degree  to  be  credited  to  the 
present  century.  Without  stopping  to  enumerate  the  leading  achieve- 
ments of  physics  during  the  century,  let  us  take  as  illustrations  a  few 
leading  cases.  Nothing  has,  perhaps,  done  more  to  change  the  face  of 
the  earth,  from  the  point  of  view  of  man,  than  the  invention  of  the  steam- 
engine  and  of  the  railway  thereby  made  possible,  of  the  telegraph  and 
telephone,  while  the  transmission  of  enei^  by  electricity  bids  fair  to 
rival  them  in  importance.     Iiet  us  then  briefly  consider  what  led  to  these 
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inTentions.  At  the  beginning  of  the  centnry  it  was  nniverBaUy  held  that 
heat  was  a  substance,  which  ooold  be  put  into,  or  lemoved  from,  ordinary 
matter.  It  is  to  the  experimenta  of  one  of  onr  own  ooontrymen,  the 
celebrated  Count  Rnmford,  that  was  due  the  original  assault  on  this 
notion,  the  last  blow  at  which  was  deliTered  by  the  Englishman,  James 
Prescott  Joule,  in  his  great  discoyery  of  ^e  mutual  convertibility  of  heat 
and  mechanical  work,  and  of  the  doctrine  of  the  Conservation  of  Energy. 
This  discovery,  so  simple  that  it  may  be  understood  by  every  one,  namely, 
that  for  whatever  we  do  we  get  an  exact  equivalent,  neither  more  nor 
less,  is  the  fundamental  truth  of  physical  science.  It  is  in  physios  the 
supreme  achievement  of  the  centnry.  Until  it  was  discovered,  a  true 
understanding  of  the  principles  of  the  steam-engine  could  not  be  arrived 
at,  although  the  way  had  been  prepared  by  the  theoretical  work  of  a 
French  engineer,  the  illustrious  Sadi  Camot.  To  Carnot  and  Joule,  then, 
we  owe  the  two  laws  of  the  new  science  of  Thermodynamics,  or  the 
relations  between  heat  and  work,  which  lie  at  the  basis  of  all  steam, 
gas,  oil,  or  other  heat  engines,  as  well  as  of  all  freezing  machines,  and 
of  transmission  or  storage  of  energy  by  means  of  compressed  gases. 
It  would  be  well,  therefore,  for  all  intending  investors  in  new  and 
promising  compressed  or  liquid  air  companies,  no  matter  how  attrac- 
tively advertised,  to  find  out  what  thermodynamics  has  to  say  of  the 
propositions  advanced. 

The  foundations  having  been  laid  by  the  experimental  work  of  Joule 
and  the  theoretical  work  of  Camot,  the  required  knowledge  of  the  prop- 
erties of  steam  and  other  vapors  used  in  engines  and  cooling  machines 
was  famished  by  a  masterly  series  of  experimental  researches  of  the  dis- 
tii^fuished  French  physicist,  Henri  Regnault,  who  was  set  at  work  by 
the  French  government,  and  whose  work  has  ever  since  been  classical. 
Ko  engineer  could  to-day  design  an  engine  wilhout  making  use  of  the 
data  thus  furnished. 

Let  us  pass  on  to  the  telegraph.  Here  agun  it  was  the  patient  work 
of  our  countryman  Henry,  working  quietly  with  purely  scientific  aims  in 
his  little  laboratory  in  Albany,  —  it  was  Henry's  investigations  on  the 
electromagnet  that  made  feasible  the  invention  by  Morse  of  the  recording 
telegraph,  which  is  still  in  use  more  than  any  other  system  all  over  the 
world.  It  is,  however,  when  we  come  to  the  great  question  of  submarine 
telegraphy  that  we  see  most  emphatically  the  practical  contribution  of 
pure  science.     The  problem  of  telegraphing  through  an  insulated  wire 
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immeTsed  in  water  is  totally  different  from  the  corresponding  one  for  a 
land  line,  and  for  years  seemed  hopeless  of  solution.  The  oonatmotion  of 
a  cable  reaching  from  Europe  to  America  was  such  a  costly  undertaking 
as  to  deter  the  most  venturesome  capitalists,  unless  they  could  be  pre- 
viously furnished  with  a  reasonable  guarantee  of  success.  It  was  here 
that  the  work  of  William  Thomson,  to-day  known  as  Lord  Kelvin,  our 
greatest  living  physicist,  furnished  the  necessary  assurance.  Taking  up 
the  purely  mathematical  problem  of  the  propt^tion  of  an  electrical 
impulse  in  a  submarine  cable,  he  for  the  first  time  set  its  mode  of  work- 
ing in  a  clear  light,  and  by  means  of  his  solution  predicted  that  the 
American  cable,  if  constructed  in  accordance  with  his  specifications,  was 
bound  to  work.  Led  by  faith  in  this  statement,  Cyrus  W.  Field  col- 
lected the  money,  the  cable  was  laid,  and  the  cable  worked.  That  the 
first  cable  of  1858  lasted  but  little  more  than  a  month  was  due  to  the 
unfortunate  mode  of  working  adopted  by  the  chief  electrician,  a  so-called 
practical  man,  who  would  however  have  been  much  better  off  if  he  had 
possessed  the  theoretical  knowledge  of  Professor  Thomson.  To-day 
twelve  working  cables  span  the  Atlantic,  representing  an  investment  of 
eighty-five  million  dollars.  Is  this  too  large  a  sum  to  credit  to  theoretical 
physics  ?  The  problem  of  telegraphy  that  is  to-day  most  interesting  is 
that  of  telephoning  across  the  Atlantic,  and  I  feel  no  heaitation  in  saying 
that  before  this  can  be  accomplished  a  large  amount  of  theoretical  research 
will  be  necessary,  together  with  such  experimental  work  as  may  be  ca^ 
ried  on  in  laboratories  like  ours,  and  is  now  being  carried  on  by  Professor 
Pupin  of  Columbia  University,  before  a  single  dollar  is  sunk  under  the 
sea. 

The  question  of  electric  power  transmission  is  one  whose  genesis  is 
easy  for  all  to  remember.  All  do  not  remember,  however,  that  far  from 
electrical  science  being,  as  the  newspapers  maintain,  in  its  infancy,  the 
laws  governing  our  dynamos  and  motors  were  discovered  in  the  first  quar- 
ter of  the  century,  mainly  by  two  princes  among  workers  in  physics,  the 
Frenchman  Ampere  and  the  Englishman  Faraday.  The  achievement  of 
Ampere  in  discovering  the  laws  of  tiie  action  of  electrical  currents  in 
producing  magnetic  forces  upon  each  other  was,  in  its  combination  of 
mathematical  and  experimental  brilliancy,  one  of  the  most  remarkable 
achievements  in  the  annals  of  science.  StiU  more  important  practically 
were  the  discoveries  of  Faraday,  who  deduced  unaided  all  tlie  laws  upon 
which  the  working  of  dynamo-maohinea  depends. 
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Another  illustration  of  our  point  is  the  wireless  telegraphy  of  Mar- 
coni, of  which  we  hear  so  much  in  the  newspapers  to-dsy.  What  the 
newspapers  do  not  tell  us  is  that  the  electrical  waves  made  use  of  in  tele- 
graphing across  the  English  Channel  were  predicted  in  a  paper  published 
in  1864  by  the  great  English  physicist,  Clerk-Maxwell,  who  completely 
remodelled  the  theory  of  electricity  as  it  then  existed.  Twenty-three 
years  afterward  his  predictions  were  experimentally  verified  by  Hein- 
rich  Hertz,  who  thus  rendered  the  practical  resolta  of  Marconi  possible. 

These  researches,  far-reaching  as  were  their  practical  resnlts,  were 
jcarried  on  by  purely  scientific  workers,  solely  for  the  interest  that  they 
presented  by  inoreaaii^  our  knowledge.  This  shoold  always  be  the  posi- 
tion of  the  scientist,  for,  if  he  turns  aside,  attracted  by  the  seductive 
paths  of  moneymaking,  he  is  almost  sure  to  lose  the  prize  of  the  great 
discovery. 

Let  us  now  turn  to  the  present  means  of  advancing  our  scientific 
knowledge.  It  is  not  to  be  overlooked  that  many  of  the  great  disooTeries 
above  mentioned  were  made  with  very  simple  apparatus  and  with  very 
modest  facilities.  When  we  see  the  very  primitive  instruments  of 
Ampere,  Henry,  and  Faraday,  we  are  led  to  wonder  that  they  could  pro- 
duce such  accurate  results.  The  days  of  such  work  are  however  over. 
It  is  now  p(»8ible  to  add  to  the  knowledge  already  so  richly  harvested 
only  by  experiments  of  the  most  careful  nature  and  by  measurements  of 
great  refinement,  involving  often  complicated  and  expensive  apparatus. 
It  is  for  this  reason  that  the  great  laboratories  have  sprung  up,  which  we 
find  in  such  large  numbers  both  in  this  country  and  in  Europe.  Until 
about  a  quarter  of  a  century  ago  there  were  none.  It  had,  however,  come 
to  be  recognized  that,  in  order  to  make  an  investigator  of  a  student,  it  was 
necessary  not  only  that  he  should  hear  lectures,  but  that  he  should  him- 
self have  practice  in  experimentation  and  in  the  making  of  exact  meas- 
urements. For  these  purposes,  courses  of  instruction  in  physical  measure- 
ments were  planned,  and  laboratories  where  they  might  be  practically 
carried  on  were  erected.  One  of  the  earliest  of  these  teaching  labora- 
tories was  that  of  the  Massachusetts  Institute  of  Technology,  presided  over 
by  Professor  Pickering,  now  director  of  the  Harvard  College  Observatory. 
Later  came  the  laboratories  at  Yale,  Harvard,  CorneU,  Johns  Hopkins, 
Chic^^,  and  Columbia,  costing  between  one  and  two  hundred  thousand 
dollars  each.  In  each  case  is  to  be  added  the  sum  of  from  twenty  to 
fifty  thousand  dollars  for  equipment  with  apparatus.     During  the  same 
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time  a  large  number  of  physical  laboratories  have  been  built  in  Europe, 
some  of  them  involving  a  still  larger  expenditiire  of  money,  notably  the 
one  at  Ziirich,  in  which  the  Swiss  government  invested  about  a  quarter 
of  a  million  of  dollars.  At  all  these  laboratories  both  teaching  and  the 
performance  of  research  were  contemplated,  and  an  idea  of  the  results 
achieved  may  be  obtained  from  the  statement  that  from  the  Johns  Hop- 
kins laboratory  have  issued  upwards  of  five  hundred  papers,  and  from  those 
of  Harvard  and  Cornell  in  tiie  neighborhood  of  one  hundred  each. 

Besides  these  institutiouB  so  immediately  connected  with  teaching, 
another  type  of  laboratory  has  made  its  appearance  within  the  last  ten, 
years.  Of  this  the  most  conspicuous  example  is  the  German  Imperial 
Physico-technioal  Institute,  which  is  separated  from  teaching,  and  is 
intended  solely  for  the  performance  of  research,  especially  for  the  per- 
formance of  such  measurements  as  would  require  resources  exceeding 
those  possessed  by  private  or  university  laboratories.  The  work  per- 
formed in  this  great  institution  has  been  of  the  highest  class,  and  has 
drawn  the  attention  of  other  governments  to  the  desirability  of  establish- 
ing such  national  laboratories,  with  the  result  that  England  has  now  fol- 
lowed the  example  of  Germany,  though  upon  a  smaller  sot^e.  A  farther 
example  is  presented  in  the  Faraday-Davy  research  laboratory  in  London, 
the  gift  of  a  private  individual,  Mr.  Ludwig  Mond,  a  successful  technical 
chemist,  who  in  this  most  appropriate  manner  recognized  the  debt  of 
applied  to  pure  science  by  the  foundation  of  a  laboratory  devoted  espe- 
cially to  the  furtherance  of  research  in  physical  chemistry. 

What,  then,  has  been  the  position  occupied  by  Clark  University  in 
the  ranks  of  this  march  of  prepress?  KaturaUy  it  has  been  a  modest  one. 
Without  a  separate  laboratory  building,  with  a  small  equipment,  and  a 
staff  reduced  to  the  minimum,  it  has  of  course  not  been  able  to  rival  in 
quantity  the  work  of  its  greater  predecessors.  It  may,  however,  be  re- 
marked that  limitations  of  size  are  not  necessarily  liinitations  of  quality. 
The  relatively  small  number  of  students  coming  here  have  received  greater 
individual  attention  than  would  have  been  possible  at  more  crowded 
institutions.  In  spite  of  our  limited  space  and  equipment,  it  has  always 
been  found  possible  to  put  in  possession  of  each  student  apparatus  suitable 
for  the  performance  of  original  research,  and  to  give  him  what  is  more 
important,  minute  personal  direction  and  encouragement.  In  this  manner 
students  coming  to  us  from  the  colleges,  often  ill  prepared  for  the  severe 
mathematical  work  so  necessary  to  the  physicist,  but  to  which  they  have 
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beeo  little  acongtomed,  are  rapidly  poshed  on,  and  reoover  their  placea  in 
line. 

Tlie  Department  of  Physios  was,  during  the  first  three  years  of  the 
history  of  the  University,  ander  the  direction  of  the  distinguished  physi- 
cist, Professor  Albert  A.  Michelson,  who  was  then  called  from  it  to  take 
the  conduct  of  the  larger  department  at  the  University  of  Chicago. 
Daring  his  stay  at  Clark  Professor  Michelson  was  engaged  in  research 
in  tiie  field  of  optics,  inventing  a  method  for  the  study  of  radiations  from 
both  celestial  and  terrestrial  bodies,  by  means  of  an  instrument  devised 
.  by  him,  and  depending  on  the  interference  of  light.  By  means  of  this 
ingenious  and  elegant  method,  valuable  results  in  connection  with  spec- 
troscopy and  the  measurement  of  small  astronomical  objects  were  obtained, 
upon  which  a  number  of  papers  were  published.  Before  the  termination 
of  his  labors  here,  Professor  Michelson  was  invited  by  the  International 
Bureau  of  Weights  and  Measures  to  make,  by  means  of  his  new  apparatus, 
a  comparison  between  the  international  standard  of  length  and  the  length 
of  a  certain  wave  of  light,  thus  establishing  a  natural  unit  of  length. 
A  new  apparatus  having  been  designed  and  constructed  under  the  direc- 
tion of  Mr.  F.  L.  O.  Wadsworth,  preliminary  observations  were  made  at 
the  Uuiveraity,  and,  obtaining  leave  of  absence,  Professor  Michelson  and 
Mr.  Wadsworth  proceeded  to  Paris,  where  the  experiment  was  carried 
out  with  marked  success,  constituting  a  performance  in  metrology  that 
will  undoubtedly  become  classiccd. 

During  his  conduct  of  the  department,  Professor  Michelson  delivered 
usually  one  lecture  a  vreek,  <m  vurious  subjects  concerning  the  Theory 
of  Light,  especially  connected  vrith  his  own  researches.  Upon  the  be- 
ginning of  the  incumbency  of  the  writer,  a  consecutive  course  in  theoreti- 
cal or  mathematical  physics  was  planned,  and  has  been  regularly  delivered, 
the  course  covering  five  lectures  a  week  for  a  term  of  two  years.  Per- 
haps the  principal  claim  that  can  be  made  for  the  department  is  the  stress 
that  has  been  laid  upon  the  subject  of  mathematical  physics,  ondoubtedly 
the  most  dif&cult  branch  for  the  student,  and  one  which  has  not  yet  be- 
come popular  in  this  country,  yet  which  is  of  prime  importance,  and 
without  which  none  can  hope  to  reach  the  highest  position  in'the  science. 
A  gratifying  testimonial  to  the  truth  of  this  contention  is  furnished  by 
the  recent  arrival  at  the  University  of  two  students,  both  doctors  of  phi- 
losophy from  German  universities,  who  have  come  here  impressed  with 
their  need  for  more  study  of  mathematical  physics. 
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Id  this  coarse  the  several  parts  of  the  suhjeot  are  treated  in  regular 
order,  as  parts  of  a  logically  connected  whole,  starting  from  the  funda- 
mental basis  of  djrnamics.  The  course  is  attended  by  every  student  in 
the  department,  and  he  is  held  responsible  for  a  knowledge  of  its  subject- 
matter  in  his  examination  for  the  doctor's  degree.  It  is  safe  to  say  that 
in  this  respect  the  requirement  for  the  degree  is  not  exceeded  at  any 
institution  in  the  country.  The  regular  courses  of  the  cycle  are  as 
follows :  — 

1.  Dynamics.  —  General  Methods,  Canonical  Equations,  Methods  of  Hamil- 
ton and  Jacobi,  Systems  of  Particles,  Bigid  Bodies. 

2.  I^ewtoiiiaQ  and  Logarithmio  Potential  Functicms,  Attraction  of  Ellipsoida. 

5.  Elasticity,  Hydiodynamios,  Wave  and  Vortex  Motion,  Dynamical  Basis 
of  Somid  and  Light. 

4.  Electrioity  and  M^netism. 

6.  Optios,  Physical  and  Geometrical.  — Elastic  and  Eleotromagnetia  Wave- 
theories. 

6.  ThermodynamioB,  Thermo-  and  Eleotro-Chemistry,  Kinetic  Theory  of 
Qaeas. 

7.  The  Partial  Differential  Equations  of  Mathematical  Physios. 
Iiaplace's  Equation,  Equation  of  Thermal  and  Electrical  Conduction, 

Equation  of  Wave-motion,  Telegrapher's  Equation,  Developments  in 
Series,  Legendre's,  Laplace's,  Bessel's,  and  Lam^s  Functions. 

Besides  these,  it  has  been  the  practice  to  deliver  each  year  at  least  one 
new  course^  so  that  certain  courseB  are  delivered  occasionally.  A  num- 
ber of  courses  in  pure  mathematics  have  also  been  delivered  at  various 
times,  supplementing  those  of  the  mathematical  department.  These 
extra  courses  have  been  as  follows :  — 

Dynamics  of  Cyclic  and  Oscillatoiy  Systems,  with  applications  to  the  The- 
ory of  Electricity,  Sound,  and  Light. 

Comparison  of  the  Theories  of  the  Ether. 

Theory  of  Functions  of  Beal  and  Complex  Variables. 

Definite  Integrals,  Fourier's  Series. 

Ordinary  Differential  Equations. 

Linear  Differential  Equations,  particularly  of  the  second  order. 

Elliptic  Functions  (notation  of  Weierstrass),  with  certain  physical  applica- 
tions, includii^  the  theory  of  the  Top. 

Orth(^onal  Surfaces  and  Curvilinear  Coordinates,  and  their  applicaticms. 

Of  the  lectures  in  the  above  course  one  volume,  on  the  theory  of  elec- 
tricity and  magnetism,  has  been  published,  and  has  apparently  been  of  use 
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to  teachers  in  other  institutioiiB.  Other  volmuea  are  in  course  of  prep- 
aration. 

In  addition  to  the  lectures,  a  weekly  oolloquiom  or  meeting  for  the 
discoasion  of  questions  in  experimental  physics  has  been  held.  Here 
reports  upon  current  articles  in  the  leading  physical  journals  are  deliv- 
ered by  the  students,  and  the  most  important  olassical  determinations  are 
also  taken  up,  in  order  that  familiarity  may  he  gained  with  the  methods 
of  the  masters  of  research.  These  meetings  have  been  of  great  help  to 
students,  and  have  given  them  practice  in  presenting  their  ideas  before 
an  auditory.  Beside  the  work  of  instruction,  research  has  been  carried 
on  in  the  laboratory  by  every  student  and  the  professor.  When  a  stu- 
dent arrives  at  the  University  he  is  at  first  put  at  work  upon  a  subject 
designed  to  test  his  powers,  and  to  give  him  familiarity  with  the  princi- 
ples of  exact  measurement.  When  he  has  shown  his  ability,  he  is  encour- 
aged to  undertake  a  research  for  himself,  under  the  continual  guidance 
of  the  professor.  In  this  way  the  undertaking  of  research  before  tiie 
necessary  experience  has  been  gained  la  prevented,  and  the  publication  of 
trifling  or  ill-considered  articles  is  discouraged.  As  a  rule  a  student 
devotes  at  least  two  years  to  the  preparation  of  a  doctor's  dissertiation. 
Thus  the  number  of  published  researches  is  limited.  Six  doctor's  disser- 
tations have  been  published,  and  another  is  ready  for  publication.  Be- 
side these  a  number  of  other  researches,  both  theoretical  and  experimental, 
have  been  published,  one  of  which  latter  was  honored  by  a  substantial 
money  prize  in  an  international  competition.  These  researches  have  not 
been  confined  to  any  one  branch  of  physics,  but  have  dealt  with  molecular 
physics,  electricity,  magnetism,  and  sound.  Most  of  them  have  been  of 
such  a  nature  that  the  student  was  forced,  not  to  work  in  a  single  narrow 
specialized  line,  but  to  gain  a  large  amount  of  experience  in  various  parts 
of  the  subject.  A  research  of  this  nature  is  of  far  more  value  to  the 
student  than  one  performed  simply  for  the  purpose  of  gaining  him  a  de- 
gree, and  dealing  only  with  a  narrow  range  of  ideas. 

The  subjects  of  the  dissertations  have  been  as  follows :  Mr.  T.  P.  Hall 
worked  out  a  new  method  for  the  determination  of  the  surface  tension 
of  liquids,  su^ested  by  Professor  Michelson,  in  which  the  pull  upon  a 
film  of  liquid  was  directly  weighed  by  a  balance.  Mr.  C.  A.  Saunders 
made  a  determination  of  the  velocity  of  electric  waves  in  paraUel  wires, 
by  a  direct  method,  in  which  the  wave-length  and  period  of  the  waves 
were  measured,  the  latter  l^  photographing  the  periodic  spark  giving 
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rise  to  the  wave  by  means  of  a  reTolving  Foncanlt  mirror,  the  mTa- 
length  by  measuring  the  length  of  the  wires,  vhioh  was  made  to  be  a 
q^uartar  wave-length  by  means  of  electrical  resonance.  This  research 
demanded  a  large  amount  of  time,  and  elaborate  apparatus.  In  connec- 
tion with  the  revolving  mirror  a  convenient  metJiiod  devised  by  the  writer 
for  maintaining  a  constant  angular  velocity  was  made  use  of.  Mr.  T.  W. 
Edmondson  determined  Use  distances  necessary  for  the  formation  of  a 
spark  at  varying  potentials  between  ^heres  of  different  sizes  in  air  and 
in  various  insulating  liquids,  the  potentials  being  measured  by  means  of 
an  absolute  attracted  disk  electrometer.  Mr.  S.  K.  Taylor  made  a  com- 
parison between  the  important  cadmium  element  devised  by  Weston  with 
the  well-known  Latimer  Clark  standard  cell,  in  which  he  compared  their 
electromotive  forces  by  means  of  an  electro-dynamometer,  obtaining 
results  freeing  remarkably  well  with  those  obtained  by  a  quite  different 
method  at  the  German  Reiohsanstalt.  Mr.  W.  P.  Boynton  carried  out 
an  experimental  verification  of  the  theory  of  the  action  of  the  peculiar 
high-ftequency  induction  coil  invented  by  EUhu  Thomson  and  Tesla, 
which  had  never  been  mathematically  treated  in  detail,  not  to  say  experi- 
mented upon.  This  work  involved  a  large  number  of  difficult  measure- 
ments, including  the  currents,  potentials,  and  frequencies  of  osoUlation 
involved  in  the  working  of  the  apparatus.  The  results  were  in  excellent 
agreement  with  the  theory,  considering  the  difficulty  of  the  experiments. 
Mr.  A.  P.  Wills  undertook  the  development  of  a  new  and  ingenious 
method*  suggested  by  the  writer,  bat  materially  improved  by  him,  for 
measuring  the  magnetic  permeability  of  substances,  whether  magnetic 
or  diamagnetic,  differing  so  little  in  this  respect  from  air  as  to  be  not 
amenable  to  the  naual  methods.  By  means  of  a  simple  arrangement 
involving  the  use  of  a  slab  of  the  substanoe  suspended  in  the  field  of  a 
powerful  electromagnet  with  peculiarly  shaped  pole-pieces,  iha  effect  was 
measured  by  the  pull  on  a  sensitive  balance,  so  that  accurate  results  were 
easily  obtained.  This  work  of  Mr.  Wills  resulted  in  his  beii^  received 
into  the  laboratory  of  Professor  du  Bois,  one  of  the  leading  authorities  in 
magnetism,  in  Berlin,  where  he  performed  a  number  of  other  interesting 
pieces  of  research  in  the  same  subject.  Mr.  B.  F.  Sharpe  spent  the 
greater  part  of  three  years  in  developing  a  method  devised  by  the  writer 
for  the  measurement  of  the  intensity  of  sound,  a  measurement  of  more 
than  ordinary  difficulty.  The  instrument  depends  upon  the  application 
of  Michelson's  interference  methods  to  the  measurement  of  the  very  small 
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distances  inToIred  in  the  vibntiou  of  pistes  set  in  motion  by  soond. 
The  interference  bands  observed  in  an  interferometer,  of  which  one  mova- 
ble mirror  is  fixed  upon  a  plate  of  thin  glass  forming  the  back  of  a  reso- 
nator, are  observed  through  a  moving  telescope,  or  have  their  motion 
photographically  registered.  In  this  manner  a  very  sensitive  means  of 
measurement  is  obtained,  and  it  is  possible  to  measure  sonnd  in  absolute 
measure,  even  when  it  is  rapidly  varying  in  intensity,  a  result  not  before 
attainable.  The  applications  of  this  method  which  have  been  already 
suggested  are  very  numerous  and  important. 

Mention  should  not  be  omitted  of  the  labors  of  Mr.  F.  L.  O.  Wads- 
worth,  who,  as  assistant  to  Professor  Michelson,  by  his  untiring  enei^ 
and  especial  skill  in  the  design  and  constnictiott  of  apparatus,  contributed 
in  large  measure  to  the  success  of  the  researches  of  the  latter. 

The  most  important  experimental  paper  published  by  the  writer  was 
a  determination  of  the  period  of  electrical  oscillations  in  a  circuit  contain- 
ing a  condenser  and  a  coil,  the  purpose  of  the  investigation  being  to 
verify  the  formula  of  Lord  Kelvin,  all  the  constants  of  the  apparatus 
being  measured  in  abeolnte  measure.  For  the  research  a  new  instru- 
ment was  devised  capable  of  breaking  two  electrical  contacts  at  instants 
separated  by  a  very  small  measured  interval  of  time.  The  instrument 
was  very  sensitive,  permitting  the  appreciation  of  less  than  a  millionth  of 
a  second.  This  research,  already  begun  in  the  attempt  to  improve  a 
method  for  t^e  determination  of  the  ratio  of  the  two  units  of  electricity, 
was  found  to  correspond  to  a  question  proposed  by  a  committee  in  Paris 
having  in  chaise  the  prize  established  by  Elihu  Thomson,  and  being  sub- 
mitted for  the  competition,  was  awarded  the  prize  of  five  thousand 
francs. 

During  the  first  year  of  the  history  of  the  University  a  considerable 
sum  was  spent  upon  a  set  of  meteorological  instruments,  especially  for 
the  study  of  atmospheric  electricity,  and  research  was  begun  in  this 
subject  by  Mr.  Alexander  McAdie,  of  the  Weather  Bureau,  who  has  now 
become  a  recognized  authority  upon  the  subject  of  lightning  dischai^es. 
This  work  came  to  an  end  upon  the  departure  of  Mr.  McAdie  from  the 
University,  but  it  might  with  advantage  be  resumed,  with  the  addition  of 
observations  of  phenomena  of  terrestrial  magnetism. 

In  concluding  this  report,  it  will  not  be  out  of  place  to  apeak  of  the 
needs  and  ideals  of  the  department  for  the  future.  It  is  extremely 
desirable  that  the  courses  in  mathematical  ph;^cs  be  repeated  every  year, 
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instead  of  once  in  two  years  as  at  present,  this  being  as  often  aa  the  time 
and  strength  of  a  single  lecturer  will  allow  him  to  cover  the  subject.  If 
this  were  done,  etadents  conld  then  begin  each  year  at  the  most  appropri- 
ate part  of  the  course,  without  waiting  for  the  natural  beginning  in  tiieir 
second  year,  as  is  now  necessary  for  those  students  coming  in  alternate 
years.  Even  more  desirable  than  aid  in  instruction  is  assistance  in 
experimental  work.  Research  in  the  laboratory  can  be  carried  out  much 
more  economically  if  a  number  of  assistants  are  available  to  carry  out 
details,  leaving  the  professor  free  for  the  more  important  work  of 
planning  and  personally  attending  to  the  more  difficult  ports  of  the 
work. 

One  of  1^  most  important  adjuncts  of  the  department,  the  workshop, 
in  which  a  skilled  mechanic  is  constantly  employed  in  the  construction  of 
apparatus  for  research,  is  capable  of  great  extension  of  facilities.  The 
absolute  necessity  of  this  work  cannot  be  too  strongly  emphasized,  and 
the  department  could  even  at  the  present  moment  profitably  employ  two 
or  three  men  instead  of  one.  Research  in  physics  demands  instruments 
of  great  exactness,  complication,  and  cost,  so  that  the  maintenance  of 
such  a  department  in  which  research  is  done  entails  more  expense  than 
tliat  of  any  other  scientific  department,  except  engineering.  Each  partio- 
olar  research  requires  much  of  the  apparatus  used  in  it  to  be  particularly 
designed,  so  that  in  view  of  the  frequent  changes  necessitated  before 
it  exactly  fits  its  purpose,  and  of  the  fact  that  it  is  impossible  as  a  rule  to 
find  it  kept  in  stock  by  dealers,  it  is  more  economical  to  have  apparatus 
constructed  in  the  workshop  of  the  department  under  the  eye  of  the 
professor  than  to  have  it  made  elsewhere. 

In  designing  an  ideal  laboratory,  one  of  the  first  tilings  to  be  con- 
mdered  would  accordingly  be  a  workshop  well  equipped  with  modern 
machine  tools,  with  an  ample  and  convenient  source  of  power  for  driving 
them,  and  with  a  large  electric  ston^e  plant,  both  as  a  source  of  supply 
for  investigations  in  electricity  and  magnetism,  and  for  the  purpose 
of  furnishing  power  in  smaller  quantities  than  would  require  the  main 
supply.  An  optical  shop  would  greatly  increase  the  capabili^  of  a 
laboratory  for  work  in  light.  That  such  a  suggestion  is  not  extrava- 
gant is  shown  by  the  fact  that  Professor  MioheLson's  new  and  ingenious 
echelon  spectroscope  was  constructed  by  methods  devised  by  him  in  the 
workshop  of  his  laboratory,  and  could  not  have  been  so  well  constructed 
anywhere  else.    The  famous  diffraction  gratings  of  Professor  Rowland 
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bsve  for  years  fumislied  a  farther  striking  example,  forcing  European 
phyaiciBta  to  send  to  this  country  for  their  supply. 

A  laboratory  should  be  provided  with  the  means  for  the  detennina- 
tioQ  of  the  important  physical  constants  of  nature,  such  aa  the  velocity 
of  light  and  of  electric  waves,  of  the  Newtonian  constant  of  gravitation, 
of  the  mechanical  equivalent  of  heat,  and  of  the  fundamental  relation 
between  electricity  and  magnetism,  the  so-called  "v"  of  Maxwell. 
Thus  it  would  be  posuble  not  only  to  initiate  students  into  the  moat 
precise  methods,  but  even  to  hope  to  improve  upon  classical  determina- 
tions. Ample  facilities  should  he  always  at  hand  for  the  comparison 
and  calibration  of  the  important  physical  standards  of  measurement,  such 
as  those  of  length,  time,  mass,  of  electrical  and  magnetic  quantities. 
The  small  facilities  in  this  line  possessed  even  by  our  national  govern- 
ment are  in  painful  contrast  to  what  is  seen  in  Europe,  particularly  in 
the  German  Imperial  Physico-teohnical  Institute,  in  which  s  million  or 
more  of  dollars  is  invested. 

Beside  the  matter  of  accurate  measurements  of  well-known  phe- 
nomena lies  the  wider  field  of  research  in  fields  which  are  sure  to  prove 
fertile  in  new  discoveries.  The  great  domain  of  electrical  waves,  a 
creation  of  the  last  decade,  although  already  exploited  by  scores  of 
observers,  is  still  full  of  interesting  problems,  that  are  sure  to  yield  a 
rich  reward  to  those  who  shall  devise  more  perfect  methods  of  investiga- 
tion. The  field  of  spectroscopy,  whether  in  its  terrestrial  or  celestial 
applications,  is  an  enormous  one.  To  this  is  to  be  added  the  study  of 
radiations  in  general,  of  whatever  character.  The  recent  discovery  of 
Rontgen  was  followed  quickly  by  hundreds  of  researches  bearing  on  the 
rays  discovered  by  him,  resulting  in  the  discovery  of  several  closely 
allied  forms  of  radiation,  and  in  a  greatly  increased  interest  in  the 
phenomena  of  electrical  discharges  in  vacuum  tubes.  Here  remain  a 
multitude  of  questions  to  be  decided.*  The  nature  of  cathode  and  of 
Bdntgen  rays  remains  to  be  settled,  and  will  probably  be  one  of  the 
achievements  of  the  early  years  of  the  next  century.  Research  on  the 
liquefaction  of  gases,  and  on  the  properties  of  bodies  at  temperatures 
not  far  removed  from  the  absolute  zero,  until  recently  limited  to  a  few 
obeervars  possessii^  far  more  than  ordinary  facilities,  will  soon  furnish 
a  field  for  the  labors  of  many,  who  will  undoubtedly  be  well  repaid. 
The  many  relations  predicted  by  the  recent  applications  of  thermody- 
namics, especially  in  the  domain  of  physical  chemistry,  remain  in  large 
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measure  to  be  veriBed.  The  aoieuce  of  meteorology,  hitherto  largely 
an  empirical  one,  remaina  to  be  pat  upon  a  aatisfactory  theoretical  basis, 
and  presents  many  problems  for  the  physicist  to  attack  in  his  laboratory. 
The  same  may  be  said  of  geology,  which  is,  for  example,  vitally  con- 
cerned with  the  thermal  properties  of  rocks  and  other  materials  of  the 
substance  of  the  earth,  and  with  many  problems  oonceming  the  physics 
of  the  earth's  crust. 

The  foregoing  is  but  a  brief  sketch  of  the  field  of  pbyeical  investigft- 
tion.  The  enthusiasm  of  one  devoted  to  the  perfonnance  of  research, 
and  considering  it  the  most  attractive  form  of  human  endeavor,  would 
enable  him  to  enlarge  the  subject  over  many  more  pages  than  are  here 
available.  The  field  is  enormous,  and  each  new  discovery  leads  to  new 
paths  of  inquiry.  It  is  obvious  that,  in  order  to  enter  upon  these 
attractive  fields  of  work,  one  must  be  provided  with  lai^e  resources. 
Is  it  unreasonable  to  look  forward  eagerly  to  the  day  when  Clark 
University  shall  possess  a  well-equipped  physical  laboratory  building, 
fitted  out  with  the  utmost  that  our  knowledge  can  suggest,  in  which 
we  may  hope  to  contribute  our  just  share  toward  the  enlargement  of 
the  boundaries  of  science,  and  thus  to  the  welfare  of  humanity  ? 
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PAST  AND  PRESENT  STAFF. 

Charles  0.  WHinuif,  Fh.D.,  FrofesBOi  of  Animal  Morphology,  1889-92. 

Fkahslih  p.  MaiiL,  M.D.,  Adjnnot  Professor  of  Anatomy,  1889-92. 

HiontT  H.  BoNAiDsox,  Ph.D.,  Assistant  Professor  of  Neurology,  1889-92. 

Wabsbh  F.  Lombaad,  M.D.,  Assistant  Professor  of  Fhysiology,  1889-92. 

Clifton  F.  Hodqe,  P1i.D.,  Aasiatant  and  FeUow  in  Neurology,  1889-91; 
Assistant  Professor  of  Physiology  and  Neurology,  1892-, 

J.  P.  McMtjbbich,  Ph.D.,  Decent  in  Morphology,  1889-91  j  Assistant  Pro- 
fessor of  Morpbol<^,  1891-92. 

Adolf  Metsb,  M.I>.,  Docent  in  Psychiatry,  1895-. 

tGEOBOE  Baub,  Ph.D.,  Docent  in  ComparatiTe  Osteology  and  Faleontol<^, 
1890-92.    Died  June  25, 1898. 

John  C.  Cardwell,  M.D.,  Assistant  in  Physiology,  1889-91. 

Sho  Watase,  Fh.D.,  Lectuiec  and  Assistant  in  Morphology,  1890-92. 

FELLOWS  AND  SCHOLARS. 

Franxlin  W.  Bakrows,  M.D.,  Fellow  in  Physiology,  1893-94 

Chablbs  li.  Beistol,  FelloT  in  Morphology,  1891-92. 

Hbbmon  C.  BimPiis,  FeUow  in  Biology,  1889-90. . 

Albert  C.  EzoLBSHyMRB,  Fellow  in  Morphology,  1891-92. 

Chablbb  L.  Edwakdb,  Ph.D.,  Fellow  in  Morphology,  1890-92. 

B.  E.  GuELBT,  M.D.,  Fellow  in  Biology,  1895-96. 

HoKBB  Gage,  MD.,  Honorary  Scholar  in  Anatomy,  1889-90. 

Edwin  0.  Joedah,  Fellow  in  Morphology,  1890-92. 

Hebbbbt  F.  JoHNsoir,  Fellow  in  Morphology,  1891-92. 

F.  C.  Kenton,  Ph.D.,  Fellow  in  Biology,  1895-96. 

tW.  K  LocKWoOD,  M.D.,  Fellow  in  Physiology,  1891-92.    Died  Jnne  23, 1897. 

Feank  E.  Lillie,  Fellow  in  Morphology,  1891-92. 

A.  D.  Mead,  Fellow  in  Morpholep,  1891-92. 

William  S.  Milleb,  M.D.,  Honorary  Scholar,  1889-90;  Scholar  in  Anatomy, 

1890-91 ;  Fellow  in  Anatomy,  1891-92. 
J  AXES  B.  Slonakxb,  Fellow  in  Biolc^y,  1893-96. 
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CoLDT  C.  SrEVjUtT,  Bdiolar  in  Pbysiology,  1894r-95 ;  Fellov  in  FliTnology, 

1895-97. 
Fbxderigk  TcGKERHAiT,  ALD.,  Fh.D.,  Fellow  in  Anatomy,  1889-90. 
William  M.  Whbelee,  Fellow  in  Morphology,  1890-91 ;  Aosistant,  1891-92. 

SPECIAL  STUDENTS. 

Jaues  JsiTKiira,  Special  Student  in  Biology,  1894-95. 
Pbxstott  Smith,  Special  Stodent  in  Physiology,  1899. 
W.  G.  Watts,  Laboiatoiy  Steward  and  Special  Student,  1889-91. 


HISTORICAL  BEVIEW. 


It  will  be  seen  from  the  above  list  of  appointments  that  the  depart- 
ment  waa  organized  to  cover  animal  biology.  Animal  morphology,  ver- 
tebrate  anatomy,  physiology,  comparative  osteology  and  paleontology,  and 
neurology,  vhich  forms  the  natural  transition  to  psychology,  and  haa 
been  classed  in  that  department,  formed  a  compact  and  well-selected 
group  with  which  to  begin  work.  This  organization  was  still  further 
strengthened  by  a  strong  force  of  organic  chemists  in  this  fundamental 
department. 

A  good  share  of  the  equipment  necessary  for  different  lines  of  research 
work  already  in  progreaa  or  planned  by  the  different  appointees  had  been 
ordered  during  the  previous  summer,  so  that  the  work  of  the  whole 
department  began  practically  with  the  opening  of  the  University.  Zeiss 
microscopes  of  the  most  approved  patterns  and  with  full  complements  of 
apochromatic  eye-pieces  and  objectives,  Thoma  microtomes,  together  with 
those  of  Minot,  the  Minot-ZimmeTman,  Schanze,  and  others,  complete  assorts 
mentB  of  chemical  reagents,  stains  and  laboratory  tools,  apparatus  and 
glassware,  all  were  supplied  with  liberality.  Abundant  and  suitable 
rooms  were  also  placed  at  the  department's  disposal  in  the  main  univer- 
sity building.  Two  large  rooms  and  a  convenient  dark  room  for  photo- 
graphic purposes  on  the  fourth  floor  were  assigned  to  physiology  and 
were  devoted  to  laboratory  and  lecture-room  with  workshop  equipped  with 
lathe  and  tools  for  working  both  wood  and  metals.  Four  large  rooms  on  the 
third  floor  were  arranged  to  accommodate  anatomy  and  morphology  for 
laboratories,  lecture-room  and  drafting  room ;  and,  in  addition,  four  small 
rooms  adjoining  supplied  office  and  library  for  the  head  of  tbe  depart- 
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ment,  and  private  laboratoriea  for  three  of  the  docents  and  assistants. 
Two  rooms  on  the  second  floor,  adjoining  the  psychological  department, 
were  assigned  to  netLrolt^T-,  the  one  for  piivate  Uhoratory  and  ofBoe  of 
Assistant  Professor  Donaldson,  the  other  for  his  general  laboratory.  All 
of  these  rooms  were  equipped  with  water  and  gas,  and  some  with  hoods  to 
Tender  them  the  most  convenient  and  ideal  laboratories  possible,  and  the 
morphological  laboratories  were  fornished  with  five  large  aqtuuia,  the 
Isj^est  being  eight  feet  in  length,  all  supplied  with  running  water,  and  a 
Isj-ge  nomber  of  smaller  glass  aquaria  which  made  it  possible  to  keep  all 
sorts  of  aquatic  animals  both  summer  and  winter. 

While  the  chief  emphasis  both  as  to  equipment  and  disposition  of  the 
instractor*B  time  was  given  to  research,  the  side  of  instraction  toward 
breadth  and  depth  of  view,  so  necessary  to  the  highest  type  of  investiga- 
tion, was  not  neglected.  Models  of  the  brain  (Auzoux,  Aeby,  Ziegler), 
as  well  hs  Ziegler's  models  of  classic  embryolc^oal  types,  and  a  complete 
set  of  Leuckart  &  Nitche's  zoological  charts,  and  an  extensive  library 
of  wall  charts  copied  from  various  monographs  and  text-books,  all 
these,  supplemented  by  anatomical  and  zoolc^cal  specimens,  gathered 
as  rapidly  as  possible  to  form  the  nucleus  of  a  museum,  imparted  the 
best  possible  quality  to  the  work  of  instruction.  In  fact,  instruction 
and  research  b^;an  together  and  went  hand  in  hand,  the  one  luding  the 
other. 

Professor  Whitman  immediately  began  courses  of  lectures  funda- 
mental to  the  doctrine  of  evolution.  The  first  of  these  treated, 
entirely  from  original  sources,  the  historical  development  of  Compara- 
tive Anatomy,  beginning  with  its  renaiasanca  in  the  works  of  Marco 
Aurelio  Severiuo  ("  Zootomia  Democritfes,  id  est  Anatome  generalis  totius 
animalium  opificii  libris  quinque  distiucta,"  1645),  and  bringing  the  sub- 
ject down  to  the  discussions,  just  preceding  the  Darwinian  epoch, 
between  Etienne  Geoffrey  Saint  Hilaift  and  Greorges  Cuvier  (1830). 
As  Professor  Whitman  himself  announced  with  reference  to  this  early 
course:  "Attention  will  be  directed  particularly  to  the  origin  and 
development  of  historic  ideas,  tendencies,  methods,  and  schools,  as  pre- 
sented in  the  early  iatric  and  physiological  stages  of  Zootomy ;  in  the 
works  of  Haller,  Geoffrey,  and  Cuvier ;  in  the  '  Anatomie  Philosophique ' 
of  the  French,  and  the  '  Naturphilosophie '  of  the  Germans ;  in  the 
doctrines  of  the  'Scale  of  Nature,'  'Unity  of  Composition,*  and  of 
'Types*  i  in  the  hypotheses  of  Evolution  and  Epigenesis,  in  Homology 
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and  Teleology,  etc.  The  biographioal  side  of  the  aabject  will  also 
receive  due  consideration,  especially  in  the  cases  of  such  representa- 
tive  men  as  Malpighi,  Swanuuerdam,  and  Leeuwenhoek  of  the  seTen- 
teenth  centary,  and  Haller,  Buffon,  Daubenton,  Linn^,  John  Hunter, 
Camper,  Vioq-d'Azyr,  Kielmeyer,  Geoffroy,  and  Cuvier  of  the  later 
period." 

A  second  sad  third  historioal  course  was  devoted  respectively  to  the 
Bubjects  of  Generation  and  Comparative  Embryology.  These  courses, 
compactly  coordinated,  and  following  logically  on  the  development  of 
comparative  anatomy,  were  likewise  worked  up  from  original  sources 
in  Aristotle,  Harvey,  John  Hunter,  Wolff,  Von  Baer,  and  others,  and 
led  naturally  up  to  the  modem  doctrines  of  heredity  as  developed  by 
Lamarck,  Darwin,  Weiamann,  and  their  followers.  Especially  in  the 
course  in  Comparative  Embryology,  the  present  phase  of  biological  work, 
cytological  technique  and  terminology,  were  fully  treated,  together  with 
matters  of  interest  in  recent  dlscossions  as  to  origin  and  maturation 
of  ova  and  spermatozoa,  phenomena  of  fecundation,  cleavage  of  the 
ovum,  with  comparison  of  different  types  of  cleavage  and  experimental 
researches  in  cleavage,  gastrul&r  and  pre-gastrular  stages,  their  differ- 
ent types  and  derivations,  germ  layers,  the  trochosphere,  budding  and 
fission,  formation  of  the  embryo  in  invertebrates  and  vertebrates,  to- 
gether with  that  of  double  and  multiple  monsters,  and,  fijially,  the 
course  culminated  in  a  discussion  of  the  origin  and  significance  of 
metameric  segmentation. 

Simultaneously  with  these  courses  Dr.  McMurrich  lectured  on  the 
coelenterates  and  platyhelminths,  sifting  all  discoverable  evidences  for 
ocelenterate  ancestry  of  the  worms,  the  or^fin  of  segmentation,  and 
the  significance  of  coelenterate  structure  in  gastrular  stages  of  vertebrate 
embryos.  Dr.  Baur  on  the  side  of  paleontology  discussed  the  osteology 
of  reptiles  and  mammals,  living  and  extin,ct.  Dr.  Bumpus  also  lectured 
on  the  af&nities  of  the  Crustacea. 

For  two  years,  as  a  means  of  uniting  still  further  instruction  and 
research,  and  of  keeping  all  members  of  the  department  in  touch  with 
one  another,  an  active  biological  club  was  maintained.  Monthly  meet- 
ings were  held,  and  at  each  a  carefully  prepared  lecture  was  read  and 
discussed.  The  subjects  of  these  lectures  indicate  to  such  an  extent 
Uie  lines  of  interest  developed  in  the  department,  that  a  list  for  1890- 
92  is  given  in  full. 
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1.  Seope  and  Aims  of  the  Club.  — C.  0.  Whitman. 

2.  Ideas  on  the  Origin  of  the  Galapagos  Islands  and  the  Origin  of  Species. 

—  Geo.  Baiir. 

3.  Insect  Metamorphosis.  —  W.  M.  Wheeler. 

4.  The  Origin  and  Significance  of  the  Blastopore.  —  J.  P.  HoMiurioh. 
6,  Nitrification  and  Kitrifying  Organisms. — £.  0.  Jordan. 

6.  The  Animal  Ovum,  — ShoWataaa 

1.  The  Salisbury  Expedition  to  the  Galap^^os  Islands.  —  Geo.  Baai. 

2.  The  Third  Eye  of  Vertebrates.— A.  C.  Eyoleshymer. 

3.  Some  Points  in  the  History  of  Bacteriology.  — E.  O.  Jordan. 

4.  Amphimixia  in  the  Protozoa. — H.  P.  Johnson. 
C.  Nerroos  System  of  MoUusoa.  —  F.  B.  Lillie. 

6.   Germ  CeDs.  —  Sho  Watase. 

1.  Mammalian  Spermatogenesis.  —  Sho  Watase. 

8.  Metamerism  in  Arthropods.  —  W.  M.  Wheeler. 

The  scope  of  work  of  the  morphological  section  will  be  seen  more 
fully  in  the  list  of  investigations  which  follows,  under  the  heading  of 
Besearch  Work,  which  has  been  grouped  together  for  all  divisions  of  the 
biological  department. 

In  Vertebrate  Anatomy,  Dr.  Mall  lectured  for  three  successive  years 
on  the  hi8tol<^7  of  tiesues  arising  from  the  mesoderm,  on  the  develop- 
ment of  serous  and  blood  spaces  in  vertebrates,  and  on  the  development, 
histolc^y,  and  comparative  anatomy  of  the  organs  arising  from  the 
endoderm.  Dr.  Tuckerman  lectured  in  connection  with  his  research 
work,  on  the  gustatory  organs  of  mammals,  and  Dr.  Miller  likewise  on 
the  lohnle  of  the  long  with  its  blood-vessels. 

In  Physiology  Dr.  Lombard  devoted  a  series  of  lectures  of  a  year 
each,  supplemented  by  nijmerous  demonstrations,  to  the  following  sub- 
jects :  — 

1.  Physiology  of  Mosole  and  Nerve. 

2.  Physiology  of  Circulation  and  Bespiration  and  the  'Servcns  Meohanisnu 
by  which  they  are  regulated. 

3.  Physiology  of  Muscle,  Kerve,  and  Spinal  Cord. 

Dr.  Cardwell  gave  a  number  of  lectures  upon  Animal  Locomotion 
and  Co5rdination.  And  Drs.  Hodge  and  Jordan  lectured  respectively 
on  the  Physiology  of  Spinal  and  Peripheral  Ganglia,  and  the  Physiology 
of  Leucocytes. 
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A  oonTement  laboratory  waa  fitted  op  urith  miorosoopes,  microtomes, 
and  all  needed  instruments,  materials,  and  reagents  for  neurology.  A 
nomber  of  brain  and  other  neurological  specimens  were  prepared  for 
porposea  of  instruction  and  demonstration,  and  the  best  neurological 
models  were  purchased  with  this  end  in  view. 

Dr.  Donaldson  lectured  during  1889-90  on  the  anatomy  of  the  central 
nervous  system  in  man ;  and  in  1890-91  completed  the  course  by  treat- 
ing the  peripheral  nervous  system  and  disonssing  at  length  the  various 
physical  measures,  so-called,  of  intelligence  as  found  in  the  brain,  its  size, 
weight,  convolutdon,  thickness  of  cortex,  and  relative  development  of 
lobes,  as  these  have  been  presented  in  the  history  of  neurolt^y.  The 
course  waa  repeated  in  1891-92,  tc^ther  with  a  practice  course  in  the 
laboratory  on  the  histology  of  the  nervous  system. 

A  seminary  which  met  once  a  week  was  devoted  to  the  reading  of 
papers  on  neurological  topics,  both  of  historical  and  current  interest,  and 
to  reports  on  work  in  progress  in  the  laboratory. 

The  primary  aim  of  the  department,  as  Professor  Whitman  expressed 
it,  is  to  make  "  research  men,"  men  imbued  with  the  spirit  and  desire  for 
original  investigation.  This  purpose  is  seen  in  all  the  courses  of  instruc- 
tion and  becomes  even  more  patent  in  the  number  of  investigations  actually 
in  progress  in  the  different  laboratories  of  the  department.  In  fact,  the 
serious  work  of  every  member  was  research,  for  which  lecture  and  semi- 
nary combined  to  form  an  appropriate  historical  and  philosophical  back- 
ground. 

During  this  period,  Professor  Whitman  being  in  charge  of  Woods 
Holl  Marine  Laboratory,  practically  all  the  men  in  morphology  continued 
their  studies  there  through  the  summer  seasons,  taking  microscopes, 
apparatus,  and  re^^ts  from  the  University.  Lectures  were  also  given  at 
Woods  Holl  by  Professors  Donaldson,  Lombard,  and  McMurrioh,  and 
Drs.  Watase,  Wheeler,  and  Jordan  assisted  Professor  Whitman  with 
tlie  laboratory  instruction. 

The  following  resume  is  given  to  present  a  general  piotore  of  the 
spirit  and  scope  of  the  department's  work  during  this  three-year  period. 

RESEABCH  WORK. 

Professor  Whitman,  in  addition  to  editing  the  Jbumof  of  Morphologjf, 
equipping  and  directing  a  new  and  complicated  laboratory,  and  giving 
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regular  leotores,  Bpent  most  of  his  time  inveatigatiDg  tbe  Hirudinea, 
publishing  a  seriea  of  papers  on  their  classification,  with  descriptions  of 
new  species,  on  their  metamerism,  and  on  their  hypodermic  impregnation 
bj  means  of  spermatophores.  "Specialization  and  Organization,"  "The 
Naturalist's  Occupation,"  and  other  papers  show  that  he  was  following  lines 
of  more  general  interest  both  in  scientific  work  and  in  public  education. 

Dr.  Baur  was  delving  in  problems  of  fundamental  importance  in  com- 
parative osteology  of  vertebrates,  morphology  of  the  vertebrate  skull, 
carpus,  ribs,  etc.,  and  working  out  the  descriptions  of  a  number  of  forms 
discovered  during  bis  successful  paleontologioal  expeditions.  A  good 
share  of  his  work  grouped  itself  about  the  plan  of  his  great  expedition  to 
the  Galapagos  Islands,  whioh  was  finally  made  possible  by  the  munificence 
of  the  Hon.  Stephen  Salisbury,  together  with  contributions  from  Pro- 
fessor H.  F.  Osboum  and  from  the  Elizabeth  Thompson  Science  Fund. 
This  trip  Dr.  Baur  made  (in  company  with  Mr.  C.  F.  Adams}  be- 
tween May  and  October  of  1890,  visiting  all  the  islands,  excepting  Nar- 
boTongh,  Wenman,  and  Culypepper.  Extensive  collections  of  both  flora 
and  founa  were  obtuned,  which  were  worked  up  by  Dr.  Baur  himself  and 
by  specialists  both  in  this  country  and  in  Europe.  The  main  general 
result  of  the  expedition  was  a  demonstration  of  the  fact  that  the  life  on 
these  islands  is  harmonious,  and  hence  that  the  islands  themselves  must  be 
explained  on  the  subsidence  theory,  rather  than  on  that  of  emergence  as 
held  by  Darwin,  Wallace,  and  others. 

Dr.  MoMurrich  devoted  his  time  chiefly  to  investigating  the  morphol- 
ogy uid  embryology  of  the  Actinozoa,  and  from  these  researches  derived 
his  conclusions  as  to  the  phylogeny  of  the  group.  Dr.  Watase  was  at  work 
on  various  fundamental  problems  on  the  cell,  caryokinesis,  cleavage  of  the 
ovum,  spermatogenesis,  and  sex  difEerentiatioa. 

The  research  work  of  other  members  of  the  department  was  dis- 
tributed as  follows :  Mr.  Johnson  investigated  the  morphology  and 
biology  of  the  Stentor.  Mr.  Lillie  studied  the  embryology  of  TJnio.  Dr. 
Wheeler  worked  upon  the  embryology  of  the  Insecta,  and  in  that  connec- 
tion investigated  the  neuroblasts  in  the  Arthropod  embryo.  Dr.  Bompus 
completed  bis  study,  already  under  way,  upon  the  embryology  of  the 
American  lobster.  Dr.  Edwfmls  studied  the  embryology  of  the  Holo- 
thurians.  Dr.  Jordan  studied  the  life  history  and  embryology  of  the 
common  newt ;  fmd  Mr.  Eydesbymer  made  a  special  investigation  of  the 
development  of  the  optio  vencle  in  the  amebian  embryo. 


.,  Google 


106  D^atim&iU  of 

Id  the  closely  allied  field  of  vertebrate  anatomj,  Dr.  Mall  was  "^ft^nrg 
a  minute  study  of  a  human  embryo,  investigating  the  formation  of  the 
lesser  peritoneal  cavity  in  birds  and  mammals,  the  motor  nerves  of 
the  portal  vein,  and  also  completed  his  important  work  on  a  new  connec- 
tive tissue  element,  the  retioulated  connective  tissue,  with  its  distribu- 
tion in  the  body.  Dr.  Tuckerman  carried  on  'an  extended  research  on 
the  gustatory  organs  of  a  series  of  animals,  and  their  development  in  man. 
Dr.  Miller  also  worked  out  the  minute  anatomy  of  the  lung,  and  by  a  most 
exhaustive  and  varied  method  succeeded  in  demonstrating  for  the  first  time 
the  manner  of  ending  of  the  terminal  bronchi,  together  with  their  relations 
to  the  arteries,  veins,  and  capillary  system.  On  the  side  of  practical  surgery 
Dr.  Homer  Gi^  conducted  a  series  of  experiments  on  intestinal  suture. 

In  physiology  Dr.  Lombard  continued  his  investigations  on  effect 
of  fatigue  on  voluntary  muscular  contractions  and  alterations  in  stret^tii 
which  occur  in  severe  muscular  work,  and  on  the  conditions,  barometric 
pressure,  temperature,  sleep,  food,  alcohol,  and  tobacco,  which  effect 
voluntary  effort.  Dr.  Gardwell  investigated  the  physiology  of  the 
cerebellum  with  relation  to  animal  locomotion  and  coordination. 

For  neurology  Dr.  Donaldson  was  pursuing  a  similar  plan  with  that 
followed  by  Dr.  Whitman  in  morphology,  viz.,  gathering  the  history  of 
the  science  from  original  souroes,  and  reducing  to  uniform  statements, 
tables,  and  curves  all  the  data  as  to  size  and  weight,  both  relative  and 
absolute,  of  the  brain.  In  this  connection  he  made  an  exhaustive 
study,  both  gross  and  microscopical,  of  the  brain  of  Lanra  Bridgman. 
An  extended  series  of  observations  was  also  being  carried  on  in  the 
laboratory  upon  the  influence  of  hardening  reagents  upon  brain  weight 
and  specific  gravity.  Dr.  Hodge  worked  for  two  years  (1889-91) 
on  the  physiology  of  nerve  cells,  their  diomal  fatigue  and  recovery  in 
sleep,  and  their  recovery  from  effects  of  electrical  stimulation.  Dr. 
Donaldson,  with  Dr.  Bolton,  completed  a  study  of  the  size  of  the  oranial 
nerves  in  man,  and  Dr.  Bolton  studied  microscopically  the  spinal  cord 
of  a  horae  affected  with  spring  halt. 

The  above  gives,  in  the  main,  a  picture  of  the  work  in  progress 
dnring  the  first  three  yeaia  of  the  department's  existence.  All  but 
one  or  two  of  the  researches  mentioned  have  beeu  published,  together 
with  others  not  cited.  For  place  of  publication  and  the  complete  record 
the  reader  is  referred  to  list  of  publicBtions  by  members  of  the  University 
for  the  corresponding  years. 
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If  one  science  ia  entitled  to  claim  the  special  interest  of  the  foonder 
more  than  another,  biology  is  that  science ;  and  in  the  organization  of  this 
department,  the  aim  above  all  else  was  to  make  it  the  most  ideal  pos- 
sible place  for  biological  research.  Foundations  were  laid  at  this  time 
for  a  special  building  more  adequately  to  house  this  flourishing  depart- 
ment. How  well  the  ideal  was  realized  may  be  seen  from  the  estimate 
of  Professor  Whitman,  whose  experience  in  the  laboratories  of  three 
continents  entitles  him  to  an  opinion.  Writing  in  1899,  he  says,  "  The 
Clark  University  Ideal,  as  I  imderstood  it  when  connected  with  its  early 
work,  is  the  ideal  which  I  place  above  any  other  thus  far  proposed,  and 
I  hope  it  may  find  strong  friends  to  help  it  forward."  Unencumbered 
by  the  burden  of  undergradnate  courses,  untrammelled  by  red  tape  and 
traditions,  the  laboratory  formed  for  three  brief  years  a  veritable  garden 
spot  in  the  field  of  biological  history  in  this  country.  It  was  a  place 
where  each  man  was  free  to  devote  all  his  best  energies  to  just  that 
which  he  wanted  most  to  discover;  where  the  best  thing  a  man  could 
possibly  do  for  himself  constituted  the  highest  service  he  could  render 
to  the  University. 

A  "Flying  Squadron,"  has  been  suggested  as  the  most  fitting  defi- 
nition for  a  university.  Scarcely  had  this  splendid  organization  been 
attained  t^an  it  was  carried  off  bodily,  almost,  to  lay  foundations  for  the 
biological  department  in  a  new  university.  While  no  higher  tribute 
ooold  have  been  paid  to  Clark  Univeraity,  it  has  left  the  department 
sadly  crippled  both  for  men  and  means  for  work. 

Since  1892  biology  has  been  represented  by  but  a  single  instructor, 
Dr.  Hodge,  who  was  recalled  from  the  University  of  Wisconsin,  with 
the  title  of  Assistant  Professor  of  Physiology  and  Neurology.  For  the 
first  year  Dr.  Hodge  offered  only  courses  on  the  physiology,  anatomy, 
and  embryoli^y  of  the  nervous  system.  During  the  succeeding  years, 
owii^  to  the  great  need  of  having  the  subject  presented,  a  course  in  gen- 
eral biology  has  been  given,  the  aim  of  which  is  to  present  the  funda- 
mental principles  of  the  science.  A  sense  of  the  importance  of  this 
course  has  grown  from  year  to  year,  with  the  conviction  that  the  sub- 
ject finds  too  little  representation  in  most  of  our  educational  institutions ; 
and  it  is  hoped,  as  soon  as  practicable,  to  develop  it  into  a  solid  course, 
historical,  philosophical,  and  practical,  to  extend  through  all  of  two  and 
possibly  three  years  of  university  study.  The  main  courses  offered  by 
Dr.  Hodge  have  related  to  anatomy  and  pkysiology  of  the  nervous  sys- 
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tem,  both  oomparatiTe  and  human,  inclading  the  sense  organs  as  -well, 
and  to  the  entire  field  of  physiology  and  to  that  of  embryology,  especially 
of  the  nervous  system  and  sense  organs.  These  have  been  supplemented, 
wherever  possible,  by  laboratory  courses.  A  seminary  meeting,  usually 
one  evening  weekly,  has  been  maintained,  the  plan  of  which  has  been, 
in  the  main,  to  spend  a  year  upon  each  ot  the  three  following  top- 
ics :  1,  history  of  medicine,  with  special  reference  to  physiology,  epochs, 
schools,  and  men ;  2,  history  of,  and  present  discnasion  centring  about,  the 
doctrine  of  evolution ;  8,  development  of  neurology.  A  journal  club, 
meeting  weekly,  has  aided  to  bring  all  members  of  the  department 
together  for  discussion  of  articles  in  current  literature.  In  general,  all 
seminaries  and  courses  of  instruction  have  been  given  with  reference  to 
fumishing  aid  and  stimulus  to  students  in  their  research  work. 

In  addition  to  the  above,  on  the  teaching  side.  Dr.  Hodge  has 
become  interested  in  lines,  especially  of  biological  education  in  ele- 
mentary schools.  A  definite  standpoint  for  elementary  nature  study  has 
been  developed,  which  is  a  distinct  reaction  against  the  tendency  toward 
technicality,  classification,  and  minutife  which  have  come  to  constitute  so 
large  a  part  of  our  elementary  science  courses.  It  is  planned  to  include 
this  in  the  general  biology  course  by  way  of  discussing  the  question. 
What  aspects  of  biological  science  shall  be  taught  in  the  elementary 
school  ?  The  kind  of  physiology  which  should  form  a  part  of  elementary 
education  has  also  been  given  considerable  attention.  Both  subjects  have 
formed  the  basis  for  courses  in  the  summer  school. 

In  passing  to  consider  the  research  work  of  the  department  since  Dr. 
Hodge  took  charge  of  it,  a  word  as  to  ite  general  purpose  and  plan  will 
simplify  the  discussion. 

Science,  in  this  country  especially,  has  become  unnecessarily  am^ant. 
We  hear  on  all  sides  such  expressions  as  "pure  science,"  a  term  which 
Huxley  vrished  had  never  been  invented,  "truth  for  truth's  sake"  or 
"science  for  the  sake  of  science,"  and  the  " uselessness "  of  science  is 
made  a  boast.  An  important  truth  is  stated  in  these  expressions ;  for 
science  is  of  such  paramount  use  and  importance  to  mankind  that  to 
discuss  this  point  with  one  who  says  It  is  not,  is  clearly  "  casting  pearls 
before  swine."  Possibly  another  reason  for  resorting  to  these  expres- 
sions is  that  the  human  values  attaching  to  knowledge  are  so  enor- 
mous that  we  have  no  measures  or  terms  with  which  to  adequately 
express   them.      However   this   may  be,  if  science  have  a  faith  worthy 
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of  TOspect,  it  should  result  in  mutual  benefit  to  share  it  so  far  as  pos- 
sible with  a  reasonable  and  intelligent  public. 

A  research  laboratory  ia  an  institution  the  business  of  which  is  to 
investigate  those  problems  which  have  either  never  been  attempted  or 
have  hitlierto  bafSed  all  efforts  of  the  human  mind  to  solve.  These 
problems  are  not  far  to  seek,  bat  crowd  upon  our  lives  at  every  point. 
The  values  attaching  to  their  solutions  can  be  ezpreased  only  in  terms  of 
human  life  and  happiness,  compared  with  which  the  output  of  Klondikes 
and  Cripple  Creeks  is  bat  the  small  change  of  the  hour.  It  is  clearly 
recognized  that  we  may  not  be  able  to  estimate  the  value  of  truth  until  it 
be  discovered,  and  that  tiie  invest^tor  himself,  who  is  willing  to  devote 
his  time  and  energies  to  the  work,  should  he  the  one  to  estimate  its  values, 
and  that  he  should  have  the  greatest  freedom  to  select  the  task  for  which 
he  knows  himself  to  be  best  fitted.  Still,  one  must  be  a  man  before  he 
can  be  a  scientist,  and  fundamental  human  values  must  be  in  the  main 
the  same  for  all.  And  it  would  seem  to  he  the  first  duty  of  a  research 
laboratory  to  devote  its  resources  to  the  work  of  solving  those  problems 
-  which  concern  human  life  most  closely,  and  possess  the  greatest  human 
importance.  A  laboratory  owes  no  less  than  this  to  a  community ;  or, 
better  stated,  a  laboratory  is  that  part  or  organ  of  a  community  differ- 
entiated to  perform  the  special  function  of  discovering  and  making  avail- 
able whatever  truth  is  of  greatest  value  to  its  common  life. 

In  deciding  the  directions,  therefore,  which  research  work  shall  take, 
the  above  general  policy  has  been  followed,  and  it  is  a  satisfaction  to  note 
that  the  same  sentiment  was  prominently  expressed  at  the  founding  of 
the  Univeraity.     On  that  occasion  Mr.  Hoar  spoke  as  follows :  — 

"  Speaking  now  for  myself  alone,  I  have  little  sympathy  with  that  am^ant 
and  disdainful  spirit  with  which  some  men  who  undertake,  with  little  title,  to 
represent  science  in  this  country,  sneer  at  any  attempt  to  make  use  of  the 
forces  she  reveals  to  na  for  the  service  of  mankind.  Some  one  Baid  the  other 
day  that  science  was  becoming  a  *  hod-carrier.'  I  do  not  see  why  the  term 
■hod-carrier*  should  express  the  relation  rather  than  the  term  'benefactress.' 
I  do  not  see,  either,  that  there  is  anything  degrading  in  the  thought  that 
the  knowledge  of  the  learned  man  enables  him  to  lift  the  burden  beneath  which 
humanity  is  bowed  and  bent  I  do  not  know  that  science  is  exempt  from  tiie 
divine  law, '  He  that  is  greatest  among  you,  let  him  be  the  servant  of  all.'  If 
the  great  forces  of  the  universe  perform  all  useful  offices  for  man,  if  the  sun- 
shine warm  and  light  our  dwellings,  if  gravitation  move  the  world  and  keep  it 
true  to  its  hour,  nay,  if  it  keep  the  temple  or  cathedral  in  its  place  when  the 
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hod-carrier  has  boilded  it,  I  do  not  see  why  it  should  not  lend  its  benefioeat  aid 
to  him  alea  Our  illuBtrions  philosopher  advised  his  countryaan  to  "  hitch  his 
wagon  to  a  star."  The  star  will  move  no  less  serenely  on  its  sublime  pathway 
when  the  wt^n  is  hitched  to  it.  I  do  not  know  that  any  archangel  or  god- 
dess, however  resplendent  the  wings,  has  ever  yet  been  constructed  or  imag- 
ined without  feet.  I  do  not  know  that  any  archangel,  however  glorious,  has 
ever  been  created  or  imagined  without  sympathy  for  suffering  humanity. 

"  I  look  for  great  advantage  to  the  country,  both  in  wealth  and  power  and 
in  the  comfort  and  moral  improvement  of  the  people,  by  the  applicatiim  of 
I  to  the  useful  arts." 


The  manner  in  which  this  fundamental  purpose  has  been  carried  out 
thus  far  may  now  be  seen  in  part  in  the  tines  of  work  which  have  been 
carried  out,  and,  more  fully,  in  plans  for  the  future. 

In  this  country  of,  so-called,  nervous  tension,  nervousness  and  nervous 
prostration,  nothing  could  be  of  greater  value  to  the  common  life  than 
knowledge  of  the  fundamental  laws  of  the  working  of  nerve  protoplasm. 
It  is  only  in  discovery  and  obedience  to  these  laws  that  we  may  hope  for 
escape  from  present  evils  and  possession  of  sane  and  permanent  national 
health.  Consequently  lines  of  investigation  upon  the  physiology  of 
the  nerve  cell  have  been  kept  open  from  the  beginning.  Continuing  the 
studies  mentioned  in  speaking  of  an  earlier  period  in  the  history  of  the 
laboratory,  the  nerve  cell  has  been  studied  during  its  electrical  stimulation 
and  also  in  connection  with  changes  which  occur  in  the  process  of  aging 
■and  in  death  from  old  age.  Dr.  Barrows  has  investigated  its  appearance 
under  various  kinds  of  diet  and  when  the  body  has  been  deprived  of  food. 
Dr.  Stewart  has  studied  the  effect  of  alcohol  on  the  cells  of  the  cerebrum, 
■cerebellum,  and  spinal  cord.  Drs.  Starbuck  and  Lancaster  respectively 
studied  effects  on  the  nerve  cell  of  artificial  (by  means  of  electrical  stimu- 
lation) and  natural  fatigue  carried  to  an  extreme  degree.  Dr.  Kenyon 
devoted  a  year  to  a  most  successful  study  of  the  brain  of  the  honey-bee. 
Dr.  Burk  devoted  considerable  time  in  working  out  the  medullation  of 
the  brain  in  puppies.  Dr.  Goddard  tested  by  especially  rapid  methods 
of  preparation  theories  aa  to  the  possible  am<Bboid  movements  of  nerve 
cells  in  conditions  of  activity  and  sleep.  Further  experiments  are  now  in 
progress  on  the  influence  of  alcohol,  and  work  has  been  begun  on  the 
effect  of  other  chemical  substances,  notably  strychnine,  morphine,  and 
nicotine  on  nerve  cells.  For  the  purpose  of  making  possible  a  more  prac- 
tical study  of  the  human  brain,  a  brain  microtome  has  been  devised  in  the 
laboratory  by  Dr.  Goddard,  with  ai^gestions  from  Dr.  Hodge.     This 
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inatmment  is  constmcted  on  prinoiples  new  to  such  mioTotomeB  thus  far 
mftdfl,  ftnd  has  rendered  it  possible  to  cut  sections  of  the  entire  human 
brain  in  any  desired  plane  with  the  ease  and  uniformity  with  which  smaller 
sections  are  cut  by  the  ordinary  miorotomea.  The  blade  of  this  microtome 
was  made,  and  presented  to  the  UniTersity,  by  the  firm  of  Loring,  Coes,  & 
Co.  of  Worcester. 

A  research  leas  closely  connected  with  the  general  plan,  but  still  es- 
eenti^y  upon  the  nervous  system,  was  carried  out  by  Dr.  Slonaker  upon 
the  eyes  of  Tertebrates. 

This  line  of  work  in  the  physiology  of  the  nervous  system  is  one 
which  the  department  propoees  to  continue,  as  opportunities  and  properly 
prepared  men  present  themselves,  until,  it  is  hoped,  the  American  public 
may  be  able  to  live  on  more  amicable  terms  with  its  "  nerves." 

In  order  to  attack,  in  a  more  fundamental  manner,  problems  centring 
about  the  nerve  cell  uid  its  normal  activities,  it  has  been  necessary  to 
make  a  wide  detour  of  investigation  in  two  directions.  The  first  of  these 
has  consisted  in  a  study  of  the  microscopical  appearances  of  lymph  as 
compared  with  different  special  protoplasms  nnder  various  methods  of 
hardening  and  staining.  This  has  proved  to  be  a  matter  of  fundamental 
importance  to  histology  in  general,  and  has  demonstrated  that,  until  we 
sre  able  to  gain  some  definite  notion  as  to  the  substances  in  question,  it  is 
nseless  to  go  on  figuring  and  describing  "  granulations,"  and  "  fibrillie," 
"  alveoli,"  and  the  like. 

The  other  line  of  research  to  which  study  of  the  rhythms  of  the  nerve 
cell  has  led  logically  is  that  of  the  physiological  conditions  in  general 
which  underlie  and  determine  phases  of  animal  activity.  In  other  words, 
if  we  wish  to  learn  the  condition  of  nerve  cells  in  states  of  rest  and  fa- 
tigue, we  must  study  first  the  normal  rhythms  of  activity  and  rest  of  our 
animal.  Knowing  this,  we  may  be  able  to  examine  the  nerve  tissues  at 
any  desired  point  in  the  curve  of  functional  activity.  And  in  order  to 
gain  the  fundamental  laws  of  nervous  activity,  we  need  to  study  these 
rhythms  of  sleep  and  waking,  rest  and  activity,  which  make  up  the  normal 
flow  of  an  animal's  life,  in  a  tenet  of  animals.  This  fundamental  work 
has  not  been  done  for  more  than  one  or  two  forms  as  yet,  and  for  those 
only  in  a  preliminary  way.  Dr.  Aikin'a  study  of  vorticella,  which 
showed  that  a  one-celled  animal  is  capable  of  continuous  activity  so  long 
as  food  and  environment  remain  suitable,  was  the  first  on  the  subject. 
Stewart's  experiments  on  the  influence  of  barometric  pressure  and  diet, 
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indading  alcohol,  od  the  diomal  activity  of  rats  and  mice,  together  with 
Dr.  Hodge's  Bimilar  work  on  dogs  and  squirrels,  serve  further  to  indicate 
the  possibilities  in  this  field.  These  studies  have  pointed  to  the  fact  tli&t 
the  activity  of  each  animal  conforms  to  a  type  as  to  periods  and  rhythms 
which  is  characteristic  of  the  species,  and  that  the  total  amount  of  work 
developed  is  profoundly  influenced  by  physiological  conditions  thus  far 
investigated.  These  researches  have  been  suspended  for  tlie  present, 
but  it  is  hoped  to  push  the  work  in  the  near  future  along  two  main 
lines.  The  first  of  these  aims  to  discover  the  typical  rhythms  of  physio- 
logical activity  for  a  series  of  animals,  both  invertebrate  and  verte- 
brate.  It  would  seem  that  these  physiological  types  are  of  even  greater 
ultimate  interest  and  philosophical  importance  thau  the  purely  structural 
and  morphological  types  from  which  the  comparative  anatomists  have 
worked  out  the  evolutionary  series.  When  this  has  been  done,  we  shall 
be  in  position  for  the  first  time  in  the  history  of  biological  science  to 
study  human  rhythms  of  activity  and  repose  in  the  light  of  similar  rhythms 
of  the  animal  series,  and  to  gain,  possibly,  some  notion  as  to  a  norm  for 
human  work.  The  second  line  of  study  in  this  field  essays  to  analyze  the 
physiological  conditions  under  which  any  particular  animal  is  able  to 
develop  the  greatest  possible  amount  of  normal  activity.  This  is  no  less 
a  problem  at  bottom  than  the  study  of  the  physiological  conditions  which 
underlie  the  highest  possible  types  of  human  life  and  activity. 

The  question  naturally  arises  at  this  point  as  to  what  position  the 
biological  department  of  Clark  University  assumes  upon  some  of  the 
wider  aspects  of  the  science. 

Since  the  tunes  when  Aristotle  employed  the  armies  of  Alexander  the 
Great  to  collect  specimens  for  bis  museums  from  all  the  then  known 
world,  the  greater  portion  of  biological  effort  has  been  directed  toward 
classification  and  naming  of  animal  and  plant  species.  The  uttermost 
comers  of  the  earth  have  been  searched  to  the  tops  of  the  mountains  and 
dredged  to  the  deepest  ocean  depths,  all  to  discover  some  new  species  of 
animal  or  plant,  wbile  the  common  plants  and  animals  of  our  dooryards 
are  known  scarcely  more  than  in  name.  This  classification  work,  ex- 
tending from  Aristotle  in  Greece  through  Linne  and  Cuvier,  Buffon 
and  Brehm,  to  Agassis  in  America,  has  been  in  part  necessary  and  impor- 
tant. But,  when  it  is  possible  to  find  single  species  which  have  been 
christened  ten  or  even  twenty  times,  it  is  safe  to  insist  that  the  passion 
for  namii^  things  has  been  carried  too  far.     This  passion  for  names  is 
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ohanoterifitio  of  a  certain  period  in  infancy  in  the  indlTidoal,  and,  ve 
may  hope,  in  the  growth  of  a  scieuoe  as  well ;  and  while  it  givee  the  best 
promise  for  the  future,  is  it  not  time  to  hope  that  this  phase  of  biology 
may  wane,  and  the  maturer  work  of  learning  the  really  important  facts 
concerning  animals  and  plants  be  seriously  undertaken  ?  These  facts  of 
paramount  importance  have  to  do  with  the  functions  of  species,  the  work 
species  do  in  the  world.  As  a  matter  of  fact,  to  work  in  classification  by 
methods  of  external  characters  the  monumental  work  of  Darwin  and 
Wallace  has  long  since  put  a  final  period.  Species  are  not  fixed  immu- 
tably, but  are  plastic  and  normally  variable.  Embryological  studies, 
even  by  Louis  Agassiz  himself,  proved  that  animals  repeat  simpler  stages 
of  organization  each  in  its  own  life  history.  With  the  doctrine  of  evolu- 
tion the  whole  method  of  the  science  has  been  changed.  Deeper  char- 
acters than  those  on  the  sorface  must  be  discovered,  and  only  such  as 
reveal  blood  relationships  and  indicate  the  true  position  of  the  species  in 
the  line  of  evolutionary  descent  can  be  of  permanent  importance  in  the 
new  classification.  Thus  the  past  two  decades  have  been  devoted  in 
biological  laboratories  largely  to  tracing  most  minutely  the  embryology 
of  different  species,  and  in  exhaostive  studies  into  comparative  anatomy 
and  embryology  combined.  There  has  been  a  constant  gravitation,  natu- 
rally enough,  to  again  consider  the  findings  of  the  microscope,  arrange- 
ments of  cells,  and  all  the  infinite  variety  of  grantde  and  rod  and  fibril  as 
fixed  entities,  rather  than  again  as  plastic  and  possibly  changing  with 
every  phase  of  functional  activity.  There  has  thus  been  no  limit  to  the 
careful  drawing  and  figuring  and  coloring  of  what  are  supposed  to  be 
important  structures  in  living  protoplasm.  This  may  all  be  well  enough 
as  pastime.  But  where  the  idea  of  functional  changes  has  been  left  out 
of  account,  the  work  is  builded  on  the  sand.  It  is  like  studying  and  map- 
ping the  positions,  forms,  and  colors  of  the  clouds  by  means  of  the  nice 
adjustments  of  the  telescope.  Many  of  the  books  of  the  past  decade  will 
be  museum  junk  before  1910,  if  they  are  not  already.  We  need  to  real- 
ize in  our  modem  laboratories  that  turning  the  crank  of  a  microtome  in 
and  of  itself  has  no  more  educational  value,  possibly  not  so  much,  as 
turning  the  crank  of  a  grindstone.  In  fact,  onr  theories  of  lahoratortf 
reteareh  and  even  of  laboratory  inttrueUon  in  the  brief  period  in  which 
these  have  come  into  prominence  have  gone  far  astray.  In  drifting 
away  from  all  considerations  of  human  good  and  even  common  sense, 
our  modem  laboratory  work  is  in  the  same  danger  of  becoming  an  end  in 
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itself  that  sunk  the  old  classification  into  a  worse  than  imbecUe  waste  of 
time. 

Furthermore,  progrett  is  the  word  which  has  characterized  every 
expression  of  the  purpose  of  the  biological  department.  The  advance- 
ment of  science  has  been  its  fundamental  raiton  d'Slre  from  the  beginning. 
There  is  little  danger  that  the  world  will  have  too  many  institutions  de- 
voted to  the  serious  work  of  advancing  science.  The  great  difficulty  has 
been,  and,  we  may  add,  still  is,  that,  after  a  period  of  great  achievement, 
the  inevitable  tendency  asserts  itself  to  spin  round  and  round  about  it  as 
though  there  were  nothing  else  ahead  worth  working  for.  The  endless 
discussions  of  the  past  two  decades  reminds  one  of  the  hollow  disputations 
of  the  scholastics.  The  coursing  over  and  over  again  of  the  ground 
covered  so  well  by  Darwin  and  Wallace,  and  even  by  Aristotle,  in  great 
part,  has  been  enough  to  raise  the  shades  of  some  of  these  good  men  to 
urge  us  to  cease  hairsplitting  and  tri£ing,  and  go  forward  into  the  great 
field  which  their  works  have  opened  up. 

Their  great  contributions  have  consisted  in  demonstrating  the  plas- 
ticity of  living  forms,  and  the  field  which  this  presents  is  that  of  infinite 
possibilities  of  perfection  and  utilization  in  the  future.  It  has  opened  up 
before  us,  instead  of  the  dead  finality,  the  idiotic  circle  with  its  endless 
round  of  "vanity  of  vanities,"  of  the  old  philosophy,  an  infinite  future 
of  progress.  In  this  progress  Science  must  worthily  lead,  but  may  well 
hold  Art  by  the  hand,  lest  the  doing  of  science,  which  is  its  consummation 
in  virtue,  fall  behind,  and  Science,  herself,  languish  for  very  lack  of 
sustenance. 

We  expect  great  help  for  the  present  status  of  biologicid  science  from 
Brooks's  "  Fonndations  of  Zoology."  To  the  question  which  he  imagines 
Aristotle  to  ask :  "  Is  not  the  biological  laboratory  which  leaves  out  the 
ocean  and  the  mountains  and  meadows  a  monstrous  absurdity?"  this 
department  would  answer — Yes.  And  it  would  add  that  it  is  not  enough 
to  bring  our  laboratories  to  the  ocean  and  make  fine  trips  to  the  monutains 
and  the  ends  of  the  earth,  unless  these  great  factors  become  a  real  part  of 
ihe  scientific  quest. 

In  a  word,  with  the  so-called  digcovery  and  naming  of  a  species  of 
animal  or  plant,  and  even  with  its  embryonic  and  adult  anatomization, 
biological  science  has  scarcely  touched  the  great  problem  which  the 
species  presents.  With  the  half  million  species  of  animfds  and  plants  of 
which  Science  has  told  us  scarcely  more  than  the  names,  Art  has  stumbled 
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luliangly  along,  mth  all  too  little  help  from  Science,  toward  the  perfectiou 
and  utilization  of  a  very  few,  our  domesticated  species.  Even  with  these 
few  the  Boientifio  biology  of  no  single  one  has  been  adequately  worked  out, 
and  we  are  practically  in  the  beginnings  of  scientific  studies  as  to  the 
influence  of  environment  in  cultural  conditions,  and  as  to  the  possibilities 
for  improvement  in  cross  fertilization.  Biological  science  owbs  to  the 
world  not  only  knowledge  of  the  name,  form,  and  structure  of  a  species ; 
it  owes  as  well  a  clear  statement  of  what  the  species  does,  considered  as  a 
force  in  nature ;  and  further,  the  method  by  which  this  force  can  best  be 
utilized.  And  this  is  no  whit  less  pure  science  because  incalculable 
human  values  attach  to  the  knowledge.  Biologically  we  are  now  at  a 
stage  comparable  from  the  standpoint  of  physical  science  with  that  of  the 
eail'boat  and  the  stage-coach,  before  science  had  discovered,  and  discov- 
ered a  way  to  utilize,  the  forces  of  steam  and  electricity.  And  we  find, 
when  we  study  carefully  what  one  animal  or  a  plant  can  do,  and  multiply 
this  by  the  number  of  individuals  in  the  species,  values  and  magnitudes, 
which  we  scarcely  possess  terms  to  express.  Add  to  the  total  amounts 
of  forces  which  different  species  represent,  the  nicety  o^  adjustment, 
the  adaptation  of  means  to  ends,  the  intelligent  direction  of  the  forces, 
which  make  comparative  psychology  a  part  of  biology,  and  we  begin  to 
realize  the  importance  of  biology  as  a  science.  No  seed  is  too  small  to 
contain  the  power,  under  proper  conditions,  of  covering  the  world  with 
plants  of  its  kind  ;  and,  not  only  that,  but  generation  after  generation  it 
may  be  capable  of  indefinite  improvement.  The  most  minute  oi^^anisms, 
the  bacteria,  possess  very  few  interesting  features  of  form  or  structure 
that  we  are  able  to  discover,  but  they  have  the  power  to  determine  the 
ultimate  food  supply  of  all  animal  life,  on  the  one  hand ;  and,  on  tiie  other, 
to  cause  the  disease,  suffering,  and  death  of  untold  numbers  of  animals, 
and  even  human  beings.  Insects,  on  the  one  hand,  have  created  flowers 
and  fruits  by  their  work  of  cross  fertilization,  and,  on  the  other,  have  laid 
a  tax  on  human  industries  heavier  than  that  of  bad  government  and  even 
of  war. 

Since  the  side  of  function,  of  the  actual  work  which  a  species  can  do, 
presents  the  greatest  ultimate  value  connected  with  knowledge  of  living 
things,  if  modem  biology  does  not  go  forward  into  this  great  field,  its 
whole  past  history  from  Aristotle  down  will  be  an  arrested  development. 

The  laboratory  that  undertakes  this  work  must  be  a  unique  affair  as 
biological  laboratories  go  now.     It  should  have  greenhouses,  tenaria  and 
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aqu&ria,  aviaries  and  insectories,  in  order  to  provide  the  essential  elements 
of  normal  environment  where  the  life  and  work  of  species  may  be  coDven- 
iently  studied  in  both  their  dailj  rhythms  and  in  their  lai^er  life  cycles. 
It  should  especially  have  easily  accessible  the  actual  normal  environment 
of  the  species  under  investigation,  the  pond,  ocean,  stream,  grove,  forest, 
hill,  mountain,  field,  and  garden,  where  results  obtained  in  the  laboratory 
can  be  readily  tested  and  confirmed  in  the  actual  environment  of  nature. 
In  fact,  during  favorable  seasons  much  of  this  line  of  laboratory  work 
might  well  be  done  out  of  doora.  A  laboratory  of  this  kind  need  not  be 
expensive,  but  should  consist  largely  of  rooms  adapted  for  individual 
investigators,  so  that  researches  upon  the  life  and  work  of  a  number  of 
different  forms  may  be  carried  on  with  the  least  possible  mutual  disturb- 
ance and  interference.  This  is  an  absolute  essential  to  investigations 
of  this  class.  It  should  alao  be  provided  with  sunny  and  sanitarily 
perfect  quarters  for  not  only  keeping,  but  rearing  and  breeding,  a  con- 
siderable variety  of  animals. 

These  and  many  other  considerations  render  it  imperative,  if  work 
of  the  beat  quality  ia  to  be  turned  out,  that  a  biological  laboratory  have 
a  building  of  its  own.  At  present  this  lack  has  been  one  of  the  chief 
obstacles  to  prosecution  of  the  important  lines  of  work  indicated.  They 
cannot  be  successfully  studied  in  rooms  used  for  other  purposes,  or  in  a 
building  shaken  by  the  running  of  powerful  dynamos  and  other  heavy 
machinery.  Natural  rhythms  and  periods  of  rest  and  activity  may  be 
profoundly  influenced  by  these  disturbing  conditions,  and  results  thus 
largely  vitiated.  As  already  stated,  the  foundations  for  a  biological 
laboratory  have  been  laid,  and  an  inexpensive  building  would  greatly 
facilitate  the  work  of  the  department.  It  ought  to  be  erected  under 
the  idea,  now  gaining  ground,  that  a  laboratory  should  be  a  somewhat 
temporary  buildii^,  which  could  be  altered  and  reconstructed  &om  time 
to  time  as  new  problems  arise. 

The  matter  of  biological  nature  study  has  already  been  referred  to, 
and  it  is  the  opinion  that  such  a  research  laboratory  should  be  in 
organic  relationship  with  elementary  education  and  the  public  school. 
It  ia  believed  that  this  side  of  nature,  the  side  of  movement  and  activity, 
is  the  natural  side  of  approach  for  the  child.  It  is  peculiarly  akin  to 
that  animism  of  childhood  which  projects  life  and  action  even  into 
inanimate  things.  It  is  this  side  of  living  nature,  which,  from  its 
intrinsic  fascinations  and  varied  affinities  with  the  passionate  activity 
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of  child  life,  is  calcrilated  to  create  enduring  love  of  nature ;  and  the 
vast  human  values  and  interests  connected  with  it  constitute  the  most 
natural  wellspring  for  love  of  science. 

In  line  with  this  idea,  two  nature-study  leaflets  have  already  been 
printed,  upon,  respectively,  the  "  Biology  of  the  Common  Toad "  and  the 
"  Biology  of  Our  Common  Birds."  Both  of  these  were  written  by  Dr. 
Hodge,  and  he  has  thus  far  assumed  all  financial  responsibility  for  their 
publication.  He  also  has  in  course  of  preparation  similar  studies  on  a 
series  of  biological  subjects,  Loseots,  fishes,  and  reptiles,  flowers,  fruit, 
and  forrat  trees,  bacteria  and  moulds,  and  a  few  others,  which  will 
provide  ample  materials  for  nature  study  from  the  standpoint  above 
indicated  for  the  entire  school  course.  On  the  one  hand,  such  connection 
between  the  biological  laboratory  and  the  schools  will  furnish  channels 
for  the  distribution  of  information  to  the  public,  and,  on  the  other,  may 
be  made  to  supply,  not  only  stimulus,  but  assistance  to  its  work  as  well. 

Bacteriology  is  a  recently  created  department  of  biology  which  has 
claimed  recognition  as  an  independent  science  by  reason  of  its  wonder- 
ful development  unoe  about  1880,  when  the  discoveries  of  Koch,  Pasteur, 
and  Lister  revealed  the  causal  relations  which  exist  between  these 
minute  organisms  and  disease.  We  can  express  the  enormous  values 
of  scientiflc  knowledge  of  these  germs  only  in  terms  of  human  life  itself. 
And  it  is  a  worthy  refutation  of  the  charge  sometimes  brought  against 
science  that  it  disregards  the  welfare  of  humanity  that,  as  Professor 
Ludwig  said,  laboratories  devoted  to  other  lines  of  biolc^cal  work 
have  been  depopulated,  because  their  students  have  flocked  into  this 
new  and  important  field.  The  bacteria  are  coming  to  be  recognized  as 
one  of  the  most,  if  not  the  most,  important  element  in  t^e  environment 
of  animal  and  even  plant  species ;  hence  tiheir  consideration  is  essential 
in  such  studies  as  have  been  outlined  above,  which  aim  to  determine 
the  influence  of  environmental  conditions  upon  ihi  activity,  health,  and 
vigor  of  species.  Still  the  pathological  side  will  not  be  able  long  to 
dominate  the  science  of  biology ;  and  even  with  relation  to  diseased 
conditions,  the  side  of  normal  function,  physiology  proper,  must  remain 
preeminent.  In  fact,  it  may  even  now  be  stated  ae  the  highest  contri- 
bution of  bacteriolt^,  that  it  has  revealed  the  fact  that  the  highest 
possible  health  level  is  the  best  practical  safeguard  against  inroads  of 
microbic  disease.  Still  the  great  importance  of  the  subject  has  made  it 
cause  for  regret  that  the  resources  of  the  department  have  not  permitted 
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the  estsblishment  of  r  well-equipped  bacteriological  laboratoiy.  The 
next  step  in  the  development  of  the  department  diould  be  in  this 
direction. 

The  library  of  the  biological  department  haa  been  selected  with  a 
view  to  making  it  the  best  possible  working  library  for  those  eng^ed  in 
bioli^cal  reeearoh. 
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HISTOBICAL  SKETCH  OF  THE  WOBK  IN  GENERAL  PSYCHOLOGT. 

The  ten  years  covered  by  the  history  of  the  Psychological  Depart- 
ment in  this  UniTeisity  have  been  eventful  in  the  history  of  Psycho- 
logical  Science  in  the  country  at  large. 

Befoie  1880  the  science  was  taught  as  a  stepping-stone  to  metaphysics 
and  ethics ;  its  method  was  chiefly  introspective ;  laboratories  were 
unheard  of;  and  genetic  and  comparative  psychology  weie  a  terra 
ineofftiiUt.  During  the  early  part  of  the  eighties,  however,  the  idea 
that  psychology  was  an  independent  science,  to  be  advanced  by  experi- 
ment and  systematic  observation,  was  gradually  taking  root,  and  in 
1888  and  1889  began  a  vigorous  growth.  New  interest  was  tf^en 
in  the  subject,  laboratories  began  to  be  opened,  and  a  special  journal 
was  started  for  the  publication  of  psychological  investigations  (^Tke 
American  Journal  of  Psychology).  Since  that  time  the  interest  has 
continued ;  the  laboratories  have  increased  at  the  rate  of  three  or 
four  a  year  till  they  now  number  between  thirty  and  forty,  are  found 
in  almost  all  the  leading  universities  of  the  country,  are  often  liberally 
supported,  and  in  some  cases  surpass  the  best  European  laboratories 
in  equipment ;  and  many  workers  trained  at  home  and  abroad  have 
entered  the  field.  In  1892  the  American  Psychological  Association 
was  started,  and  now  numbers  over  one  hundred  members,  nearly  all 
actively  interested  in  psychological  teaching  or  investigation.  A  little 
later  genetic  and  comparative  psychology  appeared  in  an  awakened  interest 
in  the  study  of  childhood;  and  more  recently  still  have  been  extended 
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into  a  new  and  fmitfal  Btudj  of  the  mind  and  Iiabits  of  animals. 
Since  1894  a  second  psychological  journal.  The  Ptyehologieal  Review, 
has  been  published;  and  many  articles  of  psychological  interest  appear 
in  the  PedoffOffieal  Sermnary  (especially  on  Child  Study)  and  in  the 
other  educational  m^azines.  It  is  with  such  a  period  of  vigoious 
interest  in  psycholt^y  and  of  rapid  growth  in  facilities  that  our  own 
ten  years'  history  coincides. 

In  turning  now  to  this  more  particularly,  I  shaU  speak  first  of 
the  work  in  experimental  psychology,  which,  though  by  no  means 
the  whole  of  the  new  movement,  has  been  so  far  rather  its  centre  and 
characteristic  mark,  and  afterward  of  that  of  a  more  general  character. 

The  distinctire  feature  of  American  laboratories  generally  is  the 
extent  to  which  they  are  used  for  psychological  teaching  as  distinct 
from  psychological  inTestigation.  Both  foreign  and  home  laboratories 
have  the  double  purpose  of  instruction  and  research,  but  in  the  American 
laboratories  a  little  greater  emphasis  seems  to  be  laid  on  their  pedagogical 
usefulness.  This  emphasis  is  doubtless  due  in  part  to  more  deep- 
seated  differences  between  American  and  foreign  universities,  but  it 
has  been  favored  also  by  the  feeling  that  a  general  acquaintance  with 
laboratory  problems  and  methods  should  precede  the  undertaking  of 
original  investigation.  In  the  case  of  the  Clark  laboratory,  it  has 
been  further  enforced  by  the  number  of  students  of  pedagogy  for  whom 
a  psychological  groundwork  must  be  provided. 

The  advantage  of  laboratory  teaching  of  psychology  is  that  of  all 
proper  laboratory  teaching,  namely,  that  the  student  is  brot^ht  face 
to  face  with  that  about  which  be  is  studyii^,  and  knows  the  thing 
itself  at  first  hand  rather  than  what  some  text-book  or  lecturer  may 
say  about  it.  For  those  who  intend  to  take  up  experimental  investi- 
gation later,  it  is  of  course  the  natural  apprenticeship. 

Such  elementary  laboratory  teaching  demands  some  sort  of  manual 
or  guide  that  can  be  put  into  the  hands  of  the  students,  a  fact  that 
became  painfully  evident  in  the  first  years  of  the  department ;  and  as 
at  the  time  none  whatever  existed,  it  was  necessary  to  make  one.  A 
beginning  was  made  with  manuscript  sheets  struck  off  on  the  mimeo- 
graph. Later  these  were  worked  over  in  part  in  a  series  of  articles  in  the 
Journal  of  Ptyeftology,  and,  finally,  again  revised  and  enlarged,  this  part 
was  regularly  published,  six  chapters  in  1894,  and  the  remainder  last  year, 
making  altogether  a  volume  of  about  450  pages  covering  the  topics  of 
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sensation  and  perception.  This  work  seems  to  have  supplied  a  genuine 
need — at  least,  has  met  witli  a  wide  acceptance  in  American  laboratories. 
Up  to  the  year  just  passed  the  laboratory  course  has  not  extended 
beyond  the  usual  laboratory  topics  of  sensation  and  perception,  reaction- 
times,  Weber's  law,  and  the  like.  But,  beginning  with  the  year  1898-99, 
an  important  enlargement  was  made  by  the  addition  of  laboratory 
practice  in  comparative  psychology.  Under  the  special  goidance  of 
Dr.  Kline,  opportunities  have  been  giren  for  the  study  of  the  habits 
and  mental  life  of  a  number  of  more  or  less  typical  animals.  Starting 
with  the  microscopical  amoeba,  paramecium,  and  Torticella,  the  list  has 
been  extended  upward  to  include  earthworms,  slugs,  fish,  chickens, 
white  rats,  and  kittens.  Though  lectures  have  been  regularly  delivered, 
demonstrations  made,  and  seminaries  held  in  connection  with  the  labora- 
tory work,  the  development  of  this  practice  course  in  both  experimental 
and  comparative  psychology,  together  with  the  manual  mentioned  and 
the  similar  though  briefer  work  of  Dr.  Kline,  is  regarded  as  the  most 
important  product  of  the  Clark  laboratory  on  its  teaching  side. 

The  scientifio  work  of  the  laboratory  has  resulted  in  ten  or  twelve 
extended  researches  and  in  a  considerable  number  of  briefer  studies.  It 
is  not  easy  in  short  space  to  give  an  intelligible  account  of  studies  upon  a 
variety  of  topics  so  considerable  as  these  have  covered,  but  it  has  seemed 
to  the  writer  that  a  list  of  the  titles  of  papers  published,  with  a  few 
lines  of  explanation  where  necessary,  might  serve  the  purpose. 

STUDIES  FEOM  THE  PSYCHOLOGICAL  LABOBATORY. 
Time  end  Rbytlim. 

Nichols  :  The  Psychology  of  Time.  Am.  Jour,  of  Piy.,  Vol.  8,  pp. 
458-529,  and  "Vol.  4,  pp.  60-112  (1891).  (Dissertation.)  Repub- 
lished in  book  form  by  Henry  Holt,  New  York,  1891. 

A  general  discuBBion  of  the  time  problem.  The  experimental  portion 
shows  that  a  period  of  practice  in  keeping  time  at  a  alow  rate  tends  to 
slow  a  quicker  rat«  tried  immediately  afterward,  and  vice  verso,  thus 
demonstrating  a  dependence  of  time  judgments  upon  artificially  acquired 
rhythms. 

Bolton,  T.  L.  :  On  the  Discrimination  of  Groups  of  Rapid  Clicks. 
lUd.,  Vol.  5,  pp.  294-810  (1893). 

An  indirect  determiaation  of  the  finenesB  of  discrimination  for  very 
short  periods  of  filled  time. 
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Bolton,  T.  L.  :  Rhythm.  Ibid.,  Vol.  6,  pp.  146-288  (1894).  (Dia- 
sertation.) 

A  general  aoconnt  of  the  subject.  The  experimental  portion  deals 
with  the  subjeotive  rhythms  observed  in  uniform  series  of  sounds,  and 
irith  the  structure  of  the  rhythmic  feet  which  result  when  sounds  of 
different  length  or  intensity  are  regularly  introduced  in  an  otherwise 
uniform  series. 

HufLm,  Alice  i.  -.  On  the  Least  Obserrable  loterral  between  Stimuli 
addressed  to  Disparate  Senses  and  to  Different  Organs  of  the  Same 
Sense.     Bid.,  Vol.  6,  pp.  564^-575  (1895). 

Experimental  determination  of  the  interval  that  must  separate  nearly 
simultaneous  sensations  in  order  that  their  c«der  may  be  reci^ized. 
Experiments  with  clicks  and  Sashes,  flashes  and  shocks,  separate  clicks 
heard  by  the  two  ears,  etc.,  and  wit^  indifferent  and  with  specially 
directed  attention. 

Whifplb  :  On  Nearly  Simnltaneona  Clicks  and  Flashes.  Und.,  Vol. 
10,  pp.  280-286  (1899). 

A  study  of  the  reason  for  the  difference  between  the  results  of 
Dr.  Hamlin  and  of  earlier  European  obserTers  in  tiie  matter  of  which 
order  of  stimuli  (click-flash  or  flash-click)  could  be  more  readily  recog- 
nized. Dr.  Hamlin's  results  iu«  confirmed  and  the  difference  proved  not 
to  lie  in  the  fact  that  the  European  observers  had  made  use  of  series  of 
pairs  of  clicks,  which  had  been  supposed  a  possible  cause. 

Bolton,  T.  L.  :  The  Growth  of  Memory  in  School  Children.  lUd., 
Vol.  4,  pp.  362-880  (1892). 

A  study  by  the  memory-span  method  on  upwards  of  fifteen  hundred 
children,  made  in  connection  with  the  anthropometric  studies  of  Dr. 
Boas,  together  with  a  theoretical  treatment  of  the  statistical  curves 
obtained. 

Bbbostbom  ;  Experiments  upon  Physiological  Memory  by  Means  of 
the  Interference  of  Associations.  Ibid.,  Vol.  5,  pp.  856-869 
(189S). 

The  Relation  of  the  Interference  to  the  Practice  Effect  of  an 
Association.     Ibid.,  Vol.  6,  pp.  488-442  (1894). 

An  Experimental  Study  of  Some  of  the  Conditions  of  Mental 
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Activity.    Ibid.,  VoL  6,  pp.  247-274  (1894).    (These  three  papers 
were  united  to  form  a  DiasertatioiL) 

A  pack  of  eighty  oarda  (eight  cards  each  of  ten  different  kinds)  is  sorted 
according  to  the  kinds,  and  after  an  interval  re-aorted,  but  with  such  an 
arrangement  that  each  kind  occupies  a  different  place  on  the  table.  The 
second  sortang  takes  longer  because  of  interference  between  the  new  as- 
sociationB  and  those  formed  in  the  first  sorting,  and  the  excess  of  time 
required  measures  indirectly  the  persistence  of  the  first  set  of  associa- 
tions. The  first  paper  gives  curves  showing  the  rate  of  falling  away  of 
the  first  associations  (curves  of  forgetting)  determined  by  this  method. 
The  second  paper,  by  an  ingenious  application  of  the  same  method, 
shows  that  the  interference  power  of  any  association  is  practically  equal 
to  the  fixity  given  it  by  practice, — in  other  words,  "that  the  work  of 
breakii^  up  a  habit  is  roughly  proportional  to  the  work  of  forming  it." 
The  third  paper  gives  determinations  of  the  variations  in  mental  abil- 
ity during  the  work  hours  of  tiie  day  made  upon  several  different  sub- 
jects  and  with  different  sorts  of  tests. 

Damihls  :  The  Memory  After-image  and  Attention.    Ibid,,  Vol.  6, 
pp.  558-564  (1895). 

The  aim  was  to  measure  the  native  persistence  of  bore  impressions 
as  distinguished  from  that  which  they  show  when  received  with  atten- 
tion and  held  by  association.  The  time  was  found  to  be  very  short,  not 
more  than  five  or  ten  seconds. 

Smith,  Theodate  L.  :    On  Muscular  Memory.    Ibid.,  Vol.  7,  pp. 
453-490  (1896). 

A  painstaking  comparative  study  of  the  memory  of  nonsense  syl- 
lables learned  with  and  (as  far  aa  posBible)  without  the  cooperation  of 
the  vocal  mechanism.  The  memory  assisted  by  even  incipient  move- 
ments was,  in  all  cases,  distinctly  better,  —  a  result  further  confirmed 
by  a  similar  study  on  various  combinations  of  the  manual  signs  of  the 
deaf-mute  alphabet  learned  with  and  without  execution  of  the  hand 
postures  involved. 

CoLEGBOYE:    The  Time  required  for  Recognition.     Ibid.,  Vol.  10, 
pp.  28&-292  (1899). 

A  chronoscopic  study  of  the  time  required  for  deciding  whether  a 
picture  suddenly  presented  had  been  seen  before  or  not. 
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Bbyan,  W.  L.:  On  the  Development  of  Voluntary  Motor  Ability. 
Ibid.,  Vol.  5,  pp.  125-204  (1892).     (Diflsertation.) 

A  study  of  tlie  rate,  piecision,  and  strengtli  of  Tolnntary  moremeata 
in  the  case  of  adults,  and  of  a  large  number  of  school  childten  from  six 
to  sixteen  years  old.  DifEerences  due  to  fatigue,  to  inoreasii^  age,  to 
sex,  to  bilateral  aaymmetry,  and  the  like,  are  carefully  worked  outj  the 
mathematical  treatment  of  the  statistics  (thanks  in  part  to  su^estions 
from  Dr.  Boas)  is  unusually  full  and  r^d. 

Rehoabt  anb  Sajtvokb:  On  Reaction-timea  when  the  Stimulus  is 
Applied  to  the  Reacting  Hand.  Ibid..,  Vol.  6,  pp.  851-355 
(1898). 

The  experimmta  bring  into  question  the  statement  of  Exner  that 
reactions  are  slover  when  the  stimulua  is  applied  to  the  reacting  hand. 

Hahtcoce;  a  Preliminary  Study  of  Motor  Ability.  Ped<^ogieal 
Stmmary,  Vol.  8,  pp.  9-29  (1894). 

The  Relation  of  Strength  to  Flexibility  in  the  Hands  of  Men 
and  Cmidren.    Ibid.,  Vol.  S,  pp.  308r-318  (1895). 

The  first  is  a  study  of  the  spontaneous  movements  of  school  children 
from  fiye  to  seven  years  old,  —  of  the  swayings  and  tremors  displayed 
in  efforts  to  stand  still  with  eyes  open  or  closed,  or  to  hold  the  hand  or 
forefinger  still,  —  movements  analogous  to  those  of  nervous  disease.  The 
second  paper  shows  for  the  persons  tested  (20  men,  22  boys,  and  11 
^rls),  greater  flexibility  in  the  hands  of  the  men  as  measured  by  the 
extent  to  which  the  joints  could  be  flexed  voluntarily.  Both  papers  are 
of  avowedly  pedagogical  interest 

Lascastee  :  Warming  Up.  Colorado  College  Studies,  Vol.  T,  pp. 
16-29  (1898). 

Baaed  upon  ergographic  experiments. 

SesHtlai  and  Perception. 

SoBiPTUitE :  Einige  Beobachtungen  iiber  Schwflbungen  tmd  DiSerenz- 
tone.     PMloi.  Studten,  Vol.  7,  pp.  680-632  (1892). 

A.  brief  experimental  study  of  beats  and  difference  tones  produced  by 
torka  aonnding  separately  on  either  side  of  the  head. 
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Dbbsslab:  On  the  Pre&enire  Sense  of  the  Drum  of  the  Ear  and  **  Fa- 
cial Vision."    Am.  Jour,  of  P»y.,  Vol.  5,  pp.  844^-850  (1893). 

The  study  bIiowb  that  the  faculty  of  the  blind  of  leot^ntzing  the 
presence  or  absence  of  neigbboring  objects,  which  has  been  credited  to 
some  sort  of  obscure  Tisual  sensation  in  the  skin  of  the  face,  or  to  sen- 
sations of  pressure  mediated  by  the  dram  of  the  ear,  is  probably  a 
matter  of  hearing. 

Ebohn  :  An  Experimental  Study  of  Simaltaneous  Stimulation  of  the 
Sense  of  Touch.  Journal  of  Ifervout  tmd  Mental  Duetue,  N.  S., 
Vol.  18,  pp.  169-184  (1898). 

Based  chiefly  on  experiments  made  in  the  Clark  laboratory. 

Leuba:  a  New  Instrument  for  Weber's  Law,  with  Indications  of  a 
Law  of  Sense  Memory.  Am.  Jour,  of  Pty..,  VoL  6,  pp.  870-384 
(1898). 

Weber's  law  demonstrated  in  the  claasifloation  of  artificial  stars. 
The  law  of  sense  memory  suggested  is  that  memories  of  intensities  of 
sensation  tend  to  shift  toward  the  middle  of  the  usual  scale  of  intensities. 

Dbbsslab  :  A  New  Illusion  for  Touch  and  an  Explanation  for  the 
Illusion  of  Certain  Cross  Lines  in  Vision.  Ihid.,  Vol.  6,  pp. 
275-276  (1894). 

This  illusion  is  similar  to  that  of  the  Poggendorff  illusion  in  vision, 
and  the  obvious  explanation  in  the  case  of  the  touoh  illusion  is  extended 
to  the  visual  one. 

Sanfobd:  a  New  Visual  lUusiou.     Seimoe,  Feb.  17, 1898. 
A  visual  illusion  involving  false  judgments. 

DbesbIiAR  :  Studies  in  the  Psychology  of  Touch.  Am.  Jour,  of  Pt^~t 
Vol.  6,  pp.  813-868  (1894).     (Dissertation.) 

The  study  is  in  three  seotiouH :  1.  On  the  Ednoation  of  the  Skin  with 
the  .£sthesiometer,  particularly  of  its  bilateral  effects ;  2.  Experiments 
on  Filled  and  Open  Space  for  Touch,  showii^  Uiat  filled  space  seems 
larger  when  the  finger  moves  over  it,  or  when  the  extents  compared  are 
moved  under  the  resting  finger ;  3.  On  Apparent  Weight  as  affected  by 
Apparent  Size  and  Shape — tests  upon  school  children  and  adults. 
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OrcnlaUiHi  «nd  Rea^ntion. 

Dawbon  :  Effects  of  Mental  States  upon  CircxilatioiL. 

(Records  in  the  instructor's  hands  but  not  worked  up  as  yet.) 
Preliminary  note  in  the  Proc.  of  the  Am.  Psychological  Ass'n, 
Ptyehohgical  Review,  Vol.  4,  pp.  119-121  (1897). 

An  extended  study  made  with  the  plethysmograph  applied  aimultane- 
onsly  to  the  hand  and  eye. 

Whipplb  :  The  Influence  of  Forced  Respiration  on  Psychical  and 
Physical  Activity.     Am.  Jour,  of  Ptt/.,  Vol.  9,  pp.  660-571  (1898). 

The  effect  of  very  rapid  breattiing  on  eight  simple  tasks  involving 
sensory  or  motor  activitiea,  or  both.  Effects  slight  in  mobt  cases; 
physical  strength  and  endurance  seem  to  be  increased,  while  discrimi- 
native  powers  seem  to  be  depressed. 

Compandve  Psydiotogy. 

Kline  :  Methods  in  Animal  Psychology.    Ibid.,  Vol.  10,  pp.  266-279 
(1899). 

Discussion  of  methods,  and  presentation  of  the  results  of  experiments 
upcm  vorticellai,  waspe,  chicks,  and  white  rats. 

Shall,  W.  S.:  Notes  on  the  Psychic  DcTelopment  of  the  Young 
White  Rat.     Ibid.,  Vol.  11,  pp.  80-100  (1899). 

The  study  consists  of  a  careful  record  of  the  bodily  and  mental 
development  of  the  white  rat  from  birth  onward  for  a  number  of  weeks. 

Stndlea  on  HlsceUaneoas  Topics. 

Calkqts,  Maby  Whiton  :  Statistics  of  Dreams.     Ibid.,  Vol.  6,  pp. 
811-843  (1893). 

A  careful  analytical  and  statistical  study  of  dreams,  recorded  immedi- 
ately after  waking  by  two  sabjeots  during  a  period  of  six  or  eight 
weeks.  An  effort  to  get  as  full  a  picture  as  possible  of  normal  dream- 
life. 

LucKET :   Some  Recent  Stndies  of  Pun.    Ibid-^  Vol.  7,  pp.  108-12S 
(1895). 

A  review  of  reomt  literature  on  the  physiology  and  psycholc^  of 
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Miles,  Cabolinb  :  A  Study  of  Individual  Psychology.     Ibid.,  Vol. 
6,  pp.  634-558  (1895). 

A  queaionnaire  study  of  a  number  of  Bpecial  points,  made  on  one 
hnndred  students  in  Wellesley  College.  Such  topics  aie  ooneideTed  as : 
How  do  you  know  your  right  liand  from  your  left  ?  How  do  you  con- 
ceatrate  attention?  Fears  as  children  ?  Things  causing  anger  ?  FaToi- 
ite  color?  Earliest  memories?  Early  ideals?  etc  (This  study  and 
the  preoedii^,  though  not  experimental,  were  made  in  oonnection  with 
the  woik  of  tiie  laboratory.) 

Dbbw:    Attention;   Experimental  and  Critical.     Ibid,,  Vol.  T,  pp. 
633-576  (1896).     (Disaertation.) 

The  experimental  portion  of  this  paper  consists  of  three  sections: 

1.  Beaction  and  Association  Times  with  Differing  Degrees  of  Distraction ; 

2.  A  Qualitative  Study  of  Associations  with  Full  and  with  Distracted 
Attention;  3.  A  Study  of  the  Apparent  Order  of  nearly  Simultaneous 
Stimuli  with  variously  Directed  Attention. 

HtIiAN  :  The  Fluctoatiou  of  Attention.     Ptyehological  Review,  Mono- 
graph  Supplement,  No.  6,  pp.  1-78  (1898). 

An  experimental  and  expository  paper,  the  experiments  approaching 
the  question  in  several  difFerent  ways. 

HuET :  Preliminary  Experiments  in  the  Physiolf^y  and  Psychology 
o£  Reading.     Am.  Jour,  of  Psy.,  Vd.  9,  pp.  576-586  (1898). 

Tests  of  rate  of  reading  in  vertical  and  horizontal  directions,  of  the 
importance  for  rec<^ition  of  the  first  and  last  parts  of  words,  and  of 
the  actual  movements  of  the  eye  in  reading,  determined  by  apparatus 
attached  to  the  eye.  This  study  was  continued  durii^  the  year  1898-99, 
with  results  that  are  nearly  ready  for  publication. 

TechnkolHatten. 

The  following  papers  have  been  chiefly  concerned  with  technical 
matters  and  apparatus. 

Soeipture:  Psychological  Notes.    J6id.,  Vol.  4,  pp.  577-584(1892). 
On  the  method  of  regular  variation;  The  least  perceptible  variation 
in  pitch;  The  faintest  perceptible  sound ;  Notation  for  intensity;  A  con- 
stant blast  for  acoustical  purposes ;  Some  psychological  terms. 

SCBIPTUBB :  An  Instrument  for  Mapping  Hot  and  Cold  Spots  on  the 
Skin.     Scimee,yo\.  19,  p.  258  (1892). 
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Dbbsslab:  a  New  and  Simple  Method  for  comparing  the  Perceptioii 
of  Rate  of  Moyement  in  the  Direct  and  Indirect  Fields  of  Vision. 
Am.  Jour,  of  P»y.,  Vol.  6,  p.  312  (1894). 

Santord:  a  Simple  and  Inezpensiye  ChroQOscope.  7fri(2.,  Vol.  8,pp. 
174r-181  (1890). 

A  New  Pendulum  Chronograph.  Ihid.^  Vol.  5,  pp.  884-589 
(1893). 

Some  Practical  Suggestions  on  the  Eqtupment  of  a  Psychologi- 
cal Laboratory.    lUd.,  Vol.  5,  pp.  429-438  (1898). 

Notes  on  New  Apparatus.     JMd.,  Vol.  6,  pp.  576-584  (1895). 

The  Vernier  Chronosoope.    IWd.,  Vol.  9,  pp.  191-197  (1898). 


While  these  studies  have  been  going  on  in  the  laboratory,  the  wort 
in  philosophy  and  education,  and  in  the  non-laboratory  sections  of 
psychology,  has  been  carried  forward  with  perhaps  even  greater  vigor. 
President  Hall,  Dr.  Bumham,  Dr.  Boas,  Dr.  Chamberlain,  Dr.  Meyer, 
Messrs.  MacDonald,  Strong,  Gilman,  and  others,  have  lectured  on  varione 
aspects  of  the  history  of  philosophy,  pedagogy,  psychiatry,  sesthetioB, 
criminology,  and  anthropology.  Some  account  of  the  work  in  education, 
anthropology,  and  psychiatry  will  be  found  below  in  the  special  reports 
of  Drs.  Bumham,  Chamberlain,  and  Meyer;  the  rest  will  be  spoken  of 
here. 

The  work  of  instruction  has  been  carried  on  by  means  of  seminaries  as 
well  as  lectures,  and  to  a  great  extent  also  in  the  more  informal  but  moat 
effective  way  of  personal  oonference  with  individual  students. 

It  is  not  possible  from  data  now  at  hand  to  give  a  complete  list  of  the 
COQTses  given  by  President  Hall,  but  at  different  times  he  has  lectured 
upon  the  History  of  Philosophy,  Ancient,  Mediieval,  and  Modem  (taking 
philosophy  in  a  sense  wide  enough  to  include  psychology,  education,  and 
medicine) ;  on  Cosmology,  on  General  Psychology,  on  Morbid  Psychology 
(with  clinics  at  the  Worcester  Lunatic  Hospital),  on  Genetic  Psychology 
(both  in  the  animal  series  and  in  the  child),  Educational  Philosophy  and 
Practice,  Child  Study,  Adolescence,  Curricula,  Teaching  of  Special  Sub- 
jects, and  upon  other  pedagogical  topics.    In  addition  to  these  lectures, 
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President  Hall  has,  almoflt  from  the  first,  conducted  a  weekly  seminary, 
meeting  in  the  evening  at  his  own  house.  Here  members  of  the  depart- 
ment  have  reported  on  the  progress  of  their  inTestigationa  and  received 
the  benefit  of  mutual  criticism,  or  have  united  in  the  study  of  some 
special  author  or  topic.  Notes  of  the  discussions  of  the  seminary  during 
a  period  when  chief  attention  was  given  to  Plato  have  been  published  by 
Dr.  H.  Austin  Aikius  in  the  Atlantic  Monthly  (September  and  October, 
1894),  under  the  title,  "From  the  Reports  of  the  Plato  Club."  Presi- 
dent Hall  has  also  directed  the  research  of  the  greater  part  of  the  men 
in  the  department,  reoommending  topics,  methods,  literature,  and  lines  of 
thought,  and  in  some  cases  has  gone  so  far  as  to  enter  into  joint  author- 
ship with  the  students,  taking  their  incomplete  results  and  putting  them 
into  shape  for  publication. 

In  the  first  years  after  the  opening  of  the  University,  President  Hall 
was  assisted  in  the  philosophical  teaching  by  Dr.  Alfred  Cook,  Dr.  B.  C. 
Burt,  and  Mr.  C.  A.  Strong  as  Docents.  During  the  year  1889-90,  Drs. 
Burt  and  Cook  gave  courses  on  Greek  philosophy  and  on  modern  philos- 
ophy from  Locke  to  Kant;  and  in  1890-91,  Mr.  Strong  gave  a  brief  course 
on  the  history  of  psychology  among  the  Greeks  from  Thales  to  Aristotle, 
—  an  abstract  of  the  lectures  being  later  published  in  the  Ameriean  Jour- 
nal  of  Psychology,  Vol.  4,  pp.  177-197  (1891).  During  1892-98,  Mr.  Ben- 
jamin Ives  Gilman,  as  Instructor  in  Psychology,  lectured  on  Pleasure  and 
Pain,  and  pursued  independent  investigations  on  the  theory  of  musical 
consonance.  Abstracts  of  his  lectures  are  to  be  found  in  the  Ameriean 
Journal  of  PtychoUgy,  Vol.  6,  pp.  1-60  (1898).  Mr.  Arthur  MacDonald, 
as  Decent  in  Ethics,  devoted  himself  to  theoretical  and  practical  studies 
in  criminology,  lecturing  on  that  topic  during  the  first  year  of  the 
University  and  condacting  a  seminary,  with  occasional  lectures,  dnrii^ 
the  second.  Since  1891  eUI  the  philosophical  teaching  of  the  department 
has  been  done  by  President  Hall  himself. 

The  research  of  this  section  of  the  psychological  department  has  been 
devoted  for  the  most  part  to  questions  that  are  too  large  and  too  unman- 
ageable for  successful  treatment  in  the  laboratory,  —  questions  of  the 
origin  and  development  of  mental  life  in  the  race  and  in  the  child,  of 
adolescence  and  sex,  of  emotion,  of  religion,  and  the  like.  Its  scope  and 
nature  will  be  apparent  from  the  following  list  of  studies: — 
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CUld  Study  «nd  PiychogeuBU. 

Tbact  :  The  Langoage  of  Childhood.     Am.  Joar.  of  Ptjf.,  Vol.  6,  pp. 
107-188  (1898). 

The  Psychology  of  Childhood.  Boston,  1898.  94  pp.  (Inclades 
a  reprint  of  the  preceding.)     (Dissertation.) 

The  first  paper  is  &  careful  stady  of  extant  data  on  the  physiology, 
phonetics,  snd  psychology  of  infant  language,  together  vitb  new  mate- 
rial gathered  by  the  author.  The  second  is  a  similai  treatment  of 
sensation,  emotion,  intellection,  and  volition  as  they  appear  in  very 
young  children. 

Shaw:  A  Test  of  Memory  in  School  Children.    Pedagogical  Semi- 
tutrjf.  Vol.  4,  pp.  61-78  (1896). 

An  acconnt  of  tests  made  with  a  carefully  prepared  story,  which  was 
read  to  the  children  to  test  memory  and  lines  of  greatest  interest. 
Statistics  of  about  seven  hundred  papers  from  children  ranging  from  the 
third  year  of  school  life  to  those  in  tiie  h^;her  classes  of  the  high  school. 

Hall  and  Ellis:   A  Stady  of  Dolls.     Ihid^  Vol.  4,  pp.  129-17& 
(1896> 

A  study  of  tiie  various  aspects  of  the  interest  in  dolls  and  of  ways  in 
Thioh  they  are  used  in  play,  based  upon  numerous  replies  to  two  quea- 
tionnairea. 

Shall,  M.  H.  :   The  Suggestibility  of  Children.     Ibid.,  Vol.  4,  pp. 
17fr-220  (1896). 

A  record  of  experiments  both  on  groups  ctf  children  and  on  separate 
individuals,  tc^ether  with  a  la^e  number  of  returns  bom  a  question- 
noire,  with  pedag<^;ioal  inferences  and  applications. 

CUETis:  Inhibition.  TJid.,  Vol.  6,  pp.  65-113  (1898).  (Dissertation.) 
The  four  sections  of  the  paper  present:  1.  A  Summary  of  Facts  and 
Theories,  Faychologioal,  Biological,  and  Neurological ;  2.  An  Account  (d 
the  Influence  of  DifferentformBof  Activity  on  one  Another;  3.  A  Study 
of  BestlessnesB  in  Children ;  and  4.  Pedagogical  Inferences  from  the  Fore- 
gmng.  The  third  section  gives  results  of  experiments  and  obaervadons 
by  the  author  tt^ther  with  9ue«(tonnaire  returns.  The  term  "inhibition" 
is  taken  in  a  very  wide  sense. 

Pabteidqe:  Reverie.     Hid.,  Vol.  5,  pp.  445-474  (1898). 

A  study  of  337  questionnaire  returns  on  day  dreams  and  related  phe- 
The  physical  signs,  the  subjective  state,  the  causes  and  condi- 
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tions,  the  content,  and  the  awakening  axe  considered.  An  appendix 
oontainB  records  of  the  efforts  of  330  children  to  describe  an  imaginary 
animal,  and  of  an  attempt  to  gather  statistics  as  to  hypnagc^c  images 
from  apward  of  800  children. 

DAWaoif:   A  Study  of  Youthful  Degeneracy.    Ihid,^  VoL  4,  pp. 
221-268  (1896). 

A.  careful  study  of  about  60  degenerate  youths  (inolading  26  boys 
and  26  girls  from  the  state  reform  schools  of  Massachusetts)  as  to 
Vitality,  Head  and  face  configuration,  Anomalies  of  physical  structure, 
Keenness  of  senses,  Intellectual  ability,  Parentage,  and  Environment 

Hall  :  Some  Aspects  of  the  Early  Sense  of  Self.    Am.  Jour,  of  Psy., 
Vol.  9,  pp.  851-395  (1898). 

A  study  of  the  growth  and  development  of  self-consciousness  based 
on  qu,eHionnaire  returns.  Making  acquaintance  with  hands,  feet,  and 
other  parts  of  the  body,  external  and  internal ;  influence  of  dress 
and  adornment ;  experiences  with  mirrors ;  various  pet  names ;  childish 
conceptions  of  the  soul ;  questionings  of  children  about  their  own  identity, 
present  reality,  etc;  the  effect  of  social  environment,  beginnii^  espe- 
cially with  the  mother. 

Psychology  of  Religion. 

Dahiels  :  The  New  Life :  a  Stady  of  Regeneration.    lUd.^  Vol.  6, 
pp.  61-106  (1898).     (Dissertation.) 

A  study  of  adolescence  in  its  anthropological  and  psycholo^cal  as- 
pects, with  special  reference  to  conversion  and  other  religious  experi- 
ences occurring  at  that  period,  the  whole  being  an  effort:  to  show  the 
means  by  which  the  fundamental  truths  of  religion  and  theology  may  be 
restated  in  accord  with  science  and  life. 

Leuba  :  A  Study  of  the  Psychology  of  Religious  Phenomena.     Ihid., 
Vol.  T,  pp.  309-385  (1896).     (Dissertation.) 

Based  upon  noted  cases  of  conversion  found  in  religions  literature,  on 
material  gathered  by  qaegtionnaire  and  in  personal  interviews.  The 
headings  of  the  first  part  are:  The  religious  motive.  Analysis  of  con- 
version, Sense  of  sin.  Self-surrender,  Futh,  Justification,  Joy,  Appear- 
ance of  newness.  The  second  part  treats  of  the  current  doctrines  of 
justification,  faith,  will,  determinism,  and  the  doctrine  of  the  grace  of 
God  aa  related  to  the  experiences  described.  An  appendix  oontiuns  a 
number  of  the  cases  in  fulL 
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Stabbuck:  a  Study  of  ConTeraion.  Ibid.,  Vol.  8,  pp.  266-808 
(1897). 

Contributions  to  the  PsT-ohology  of  Religion :  Some  Aspects  of 
Religious  Growth.  JJtd.,  "Vol.  9,  pp.  70-124  (1897).  (Dissertation.) 

The  first  paper  is  a  study  of  sudden  conversions ;  the  second  of  more 
gradual  changes  of  a  similar  character.  Both  are  based  almost  ezclu- 
sively  on  guettionnaire  returns ;  the  first  on  137  cases,  the  second  on  196. 
The  topics  in  the  first  paper  are :  Age  of  couversion,  Motives  and  forces 
leading  to  conversions,  Experiences  preceding  conversion,  The  change 
itself,  Post-conversion  phenomena,  Other  experiences  siniiiar  to  conver- 
sion, General  view  of  conversion.  Those  of  the  second  paper  are: 
Statistics  of  material,  Adolescent  phenomena.  The  period  of  reconstruc- 
tion. External  infiuences,  Cases  without  marked  stages  of  growth,  Adult 
reli^ons  oonaoiousness,  Ideals,  Significance  of  the  facts. 

Lbuba:  The  Psycho-physioli^y  of  the  Moral  ImperatiTe.  Hid., 
Vol.  8,  pp.  528-659  (1897). 

An  analysis  of  the  phenomena  of  oonsdence,  together  vith  argument 
to  show  that  the  "  moral  imperative "  is  the  psychical  correlate  of  cer- 
tain activities  of  the  cerebro-spinal  system  (ta^en  as  the  neural  bssis  of 
the  life  of  relation)  as  opposed  to  activities  of  the  sympathetic  system 
(taken  as  the  neural  basis  of  the  vegetative  and  emotional  life). 

FhllOMphy  and  Critldsin. 

Eirkfatrick:  Observations  on  College  Seniors  and  Electives  in 
Psycholopcal  Subjects.     liid..  Vol.  8,  pp.  168-178  (1890). 

A  study  of  quettionnaire  returns  from  college  seniors  aa  to  their  rear 
sons  for  studying  philoBophical  and  psychological  subjects,  benefit  gained, 
authors  most  impressive,  and  special  topics  found  most  interesting. 

Hall  :  Contemporary  Psychologists.  I.,  Prof.  Eduard  Zeller.  Ibid., 
Vol.  4,  pp.  156-175  (1891). 

An  account  of  the  life  and  vritings  of  Zeller. 

Fbabbb  :  VisiuJization  as  a  Chief  Source  of  the  Psychology  of 
Hobbes,  Locke,  Berkeley,  and  Hume.  JWd.,  Vol.  4,  pp.  280-247 
(1891). 

The  Psychological  Foundation  of  Natural  Realism.  Ihid.,  Vol. 
4,  pp.  429-450  (1892). 
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The  Psychological  Basis  of  Hegelism.  Ibid.,  Vol.  S,  pp.  472- 
495  (1898). 

These  papers  are  the  result  of  an  effort  tovwd  a  "  psychology  of  phi- 
losophy." The  first  two  trace  the  inflnenoe  of  concepts  derived  froio 
Tision  and  from  touch  on  the  philosophic  schools  in  question,  and  the 
third  the  influence  c^  those  derived  from  galvanism. 

Bailey  :  Ejective  Philosophy.     Ibid.,  Vol.  6,  pp.  466-471  (1898). 

An  attempt  to  describe  briefly  the  philosophical  "aigna  of  the 
times." 

Lbsuba  :  National  DestructioD  and  Construction  in  France  as  seen  in 
Modem  Literature  and  in  the  Neo-Chriatian  Movement.  Ihid., 
Vol.  6,  pp.  496-589  (1893). 

A  review  of  these  topics  under  the  following  heads :  Artiat  sensoal- 
ista,  The  quest  for  new  sensations,  ItTihilism  and  pessimism,  School  of  the 
decadents,  Literary  critics,  Chronicles,  The  tormented,  The  Neo-Chris- 
tian  movement. 

Allin  :  The  "  Recognition-theory  "  of  Perception.  Ibid^  Vol.  7,  pp. 
287-248  (1896). 

Recognition.     Ibid.,  Vol.  7,  pp.  249-273  (1896). 
The  first  paper  is  a  critique  of  a  theory  of  perception  widely  held  in 
the  past  and  present ;  the  second  is  an  analytical,  critical,  and  expository 
account  of  the  mental  experience  of  recognition. 

Kental  and  Physical  Pecullaritlea. 

ScBiPTURB :  Arithmetical  Prodigies.     lUd.,  Vol.  4,  pp.  1-59  (1891). 
Accounts  of  a  large  number  of  phenomenal  calculators  collected  from 
widely  scattered  sources;  analysis  and  discussion  of  their  mental  peco- 
liarities,  and  pedagogical  inferences. 

Kbohk  :  Pseudo-chromEasthesia,  or  the  Association  of  Colors  with 
Words,  Letters,  and  Sounds.    Ibid.,  Vol.  5,  pp.  20-41  (1892). 

A  summary  of  literature  with  presentation  of  several  new  cases,  and  a 
diacoBBion  of  the  theory  of  the  phenomenon,  followed  by  a  bibliography. 

LiNDLEY :  A  Preliminary  Study  of  some  of  the  Motor  Phenomena  of 
Mental  Effort.    Ibid.,  Vol.  7,  pp.  491-517  (1896). 

A  study,  on  the  basis  of  a  questionnaire  and  special  tests,  of  the  tricks 
and  peculiarities  of  movement  and  posture  that  accompany  mental  effort 
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LiNDLBT  AND  Pabtbidqe  :  Some  Mental  AatomatiBmB.    Pedagogical 
Seminary,  Vol.  5,  pp.  41-60  (1897). 

A  questionnaire  stody  of  495  cases  of  such  mental  automatlBciS  as  the 
aTOidance  of  stepping  on  cracks,  counting  objects  unnecessarily,  gionp- 
ii^  objects  like  small  patterns  in  wall  paper  into  regular  figures,  and 
the  pickii^  out  the  middle  one  of  tows  of  objects. 

Phillips  :  Genesis  of  Number  Forms.    Am.  Jowr.  of  Psy.,  VoL  8, 
pp.  506-627  (1897). 

A  study,  based  on  over  2000  cases  (974  school  children,  and  nearly 
700  normal  school  pupils  and  adults  personally  questioned),  showing  the 
almost  unirersal  presence  of  number  forms,  though  often  in  very  rudi* 
mentaiy  condition. 

CoLEGKOVB:  Individual  Memories.  JJtU,  Vol.10,  pp.228-266(1899). 
(Dissertation.) 

The  paper  is  a  study  of  some  sixteen  hundred  replies  to  a  quesHon- 
naire  on  earliest  memories,  period  of  life  best  remembered,  forgetful- 
nesa  and  false  memories,  aids  to  memory,  etc  This  paper  is  an  extract 
from  a  more  extended  work  on  memory  in  general 


Hall  :  A  Study  of  Fears.     Ibid.,  VoL  8,  pp.  147-249  (1897). 

Discussion  of  the  chief  fears  of  seventeen  hundred  people  mostly 
onder  twenty-three  years  of  age,  together  with  description  of  methods 
nsed  in  reducing  the  original  reports  for  general  treatment  Fears  of 
high  places  and  falling,  of  losing  orientation,  of  being  shut  in,  of  water, 
of  wind,  of  celestial  objects,  of  fire,  of  darkness;  dream  fears;  shock; 
fears  of  thunder,  of  animals,  of  eyes,  of  teeth,  of  fur,  of  feathers; 
special  fears  of  persons,  of  solitude,  of  death,  of  diseases ;  moral  and 
religions  fears ;  fear  of  tiie  end  of  the  world,  of  ^osts ;  morbid  fears ; 
school  fears ;  and  t^  repression  of  fears,  —  are  all  treated  in  separate 
sections. 

Hall  and  Allen:  The  Peycholf^fy  of  Tickling,  Laughing,  and  the 
Comic,    im..  Vol.  9,  pp.  1-41  (1897). 

A  study  based  upon  about  seven  hundred  qitegtionnaire  returns.  The 
following  rubrics  are  treated :  The  Physical  act  of  laughing.  Tickling, 
AnimftlH  and  their  acts,  Ilecovery  from  slight  fear.  Laughter  at  calamity, 
Practical  jokes,  Caricature,  Wit,  Laughter  at  what  is  forbidden  or  secret, 
at  the  naive  and  unconscious.  Animal  laughter,  Uisoellaneoas  items,  and 
Xotes  on  literature. 
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Hall:  A  Study  of  Ai^r.    Ibid.,  Vol.  10,  pp.  516-591  (1899). 

ii.  geneial  summary  of  very  widely  gathered  literaiy  material,  followed 
Y/j  a  diacussion  of  over  two  thousand  queationnaiTe  returns  j  General 
deBcriptioas  of  the  state,  Causes  (with  many  sub-heads),  SubjectiTe 
Tftriatioiis,  Physical  manifestations  (with  many  sub-heads),  Anger  at 
inanimate  and  insentient  objects,  Ventii^  anger,  Beaction,  Control, 
Treatment,  Misoellaneous  aspects. 

HUcellAneona  Topics. 

MacDonald  :  Ethics  as  Applied  to  Criminology.  Journal  of  Mental 
Science,  Vol.  37,  pp.  10-16  (1891). 

Criminal  AriBtooracy,  or  the  Maffia.     Medico-Legal  Journal, 
Vol.  9,  pp.  21-26  (1891). 
Lb  Rossionol  :  The  Training  of  Animala.    Am.  Jour,  of  Pttf.,  Vol. 
5,  pp.  206-218  (1892). 

A  review  of  literature  on  the  subject. 

Keohn  :  Facilities  in  Experimental  Psychology  at  Variotw  German 
Universities.  Ibid.,  Vol.  4,  pp.  586-694  (1892);  Vol.  6,  pp.  282- 
284  (1892). 

14'otes  on  Heidelbei^,  Strasburg,  Zurich,  Freiburg,  Munich,  Prag,  Ber- 
lin, Leipzig,  Halle,  Jena,  Bonn,  and  Gf^ttingeo. 

Lbmok  :  Psychic  Effects  of  the  Weather.  Ibid.,  Vol.  6,  pp.  277-279 
(1894). 

A  preliminary  note  on  the  general  question. 

Scott  :  Sei  and  Art.     Ibid.,  Vol.  7,  pp.  153-226  (1896). 

The  study  traces  the  higher  enthusiasms  of  art  and  religion,  aa  well  as 
the  passions  of  sex,  to  the  "  fundamental  quality  of  erethism  found  in 
every  animal  cell."  Beginning  with  erethism,  the  following  topics  are 
discussed:  Specialization  among  cells,  Separation  of  the  sexes,  Radia- 
tion, Selection,  Combat,  Courting,  Fear  and  anger,  Sex  and  care  for 
young.  The  festhetic  capacity.  Courting  inatinot  in  the  lower  races, 
Tattooing,  Clothing,  Shame,  Jealousy  and  fear.  Symbolism  and  fetich- 
ism,  Phallicism,  Modem  phaUicism,  General  features  and  laws  of  court- 
ii^^  Degeneration,  Perversion,  Ecstasy,  .Esthetics,  Conclusion. 

Scott:  Old  Age  and  Death.  JWd.,  Vol.  8,  pp.  67-122  (1896).  (Dis- 
sertation.) 

Old  age  and  death  treated  from  biological  and  physiological  stand- 
points, together  with  discussion  of  226  returns  to  a  questionnaira  designed 


.,  Google 


to  bring  oat  tlie  ideas  of  young  people  and  others  vitb  regard  to  the 
aged,  to  death,  and  to  a  future  life. 

Pabtbidoe  :  Blushing.  Pedagogical  Seminary,  Vol.  4,  pp.  S87-394 
(1897). 

A  ^questionnaire  study  (120  cases,  all  normal  school  pupils) :  Objective 
and  subjective  aspects,  After-effects,  Fhysiolt^y,  Psychology,  Blushing 
and  sex. 

Pabtridgb:  Second  Breath.    Ihid.,  Vol.  4,  pp.  872-381  (1897). 

A  study  based  upon  about  two  hundred  questionnaire  returns.  The 
following  are  the  headings :  Physical  second  breath,  Mental  second 
breath.  Over-play  and  abandon  in  children,  Beaction,  Physiology  of 
second  breath. 

LiMDo:;:  A  Stud;  of  Puzzles  with  Special  Reference  to  the  Psy- 
chology of  Mental  Adaptation.  Am.  Jour,  of  Pty.,  Vol.  8,  pp. 
481-493  (1897).     (Dissertation.) 

The  subject  is  introduced  by  a  consideration  of  the  biology  and  psy- 
chology of  play  in  general,  followed  by  the  classification  of  puzzles. 
The  time  and  conditions  of  greatest  interest  in  puzzles  are  treated  on  the 
basis  of  que^ioniMire  returns.  This  is  followed  by  a  report  of  extended 
experiments  made  upon  school  children  to  discover  their  growth  in  abil- 
ity to  deal  with  the  difficulties  presented  by  puzzles. 

KuNE:  The  Migratory  Impulse  v».  Love  of  Home.  Ibid.,  Vol.  10, 
pp.  1-81  (1898).     (Dissertation.) 

A  biolc^ical  and  psychological  study  combining  the  results  of  experi* 
ments  upon  animals  with  those  of  a  qaetAionnaire.  Such  topics  as  the 
Influence  of  temperature,  Spring  fever,  Migrations  of  wild  and  domestio 
animals  and  of  man.  Wandering  tendency  in  men,  women,  and  children, 
Love  of  home,  and  homesicknras,  are  treated. 

QpASTZ :  Dendro-psychoses.  Ibid.,  Vol.  9,  pp.  449-506  (1898). 

A  study  on  material  gathered  from  bioli^y,  anthropology,  and  quea- 
tUmnaire  returns  of  the  psychic  influence  of  experiences  with  trees. 
Biological  evidence  of  man's  descent  from  arboreal  ancestors.  Psychical 
reverberations  from  ancestral  experience,  Tree  worship,  The  life  tree. 
The  tree  in  folk-medicine.  The  tree  in  child  lif^  The  tree  in  poetry. 

Bolton,  F.  E.  :  Hydro-pByohoBea.  Ihid.,  Vol.  10,  pp.  171-227 
(1899).     (Dissertation.) 

A  study,  similar  to  the  last,  on  the  psychic  effecto  of  experiences  with 
water :  Evidences  of  man's  pelagic  ancestry.  Origin  of  animal  life,  Ani- 
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mal  retK^ression  to  aquatic  life,  Water  in  piimitiTe  conceptions  of  life, 
in  philosophical  speculation,  Sacred  waters.  Water  deities,  Lustrations 
and  ceremonial  punfications  t^  water,  Water  in  literature,  Feelings  of 
people  at  present  toward  water. 

GrODDARD:  The  Effects  of  Mind  on  Body  as  evidenced  hj  Faith 
Cures.     Ibid.,  Vol.  10,  pp.  4S1-502  (1899).     (Dissertation.) 

"Christian  Science,"  "Divine  Healing,"  hjpnotisin  and  other  forms 
of  mental  treatment  of  disease  are  briefly  considered;  and  "Mental  Sci- 
ence," taken  as  a  type,  is  treated  fully  from  data  gathered  by  extended 
correspondence  and  from  hospital  records.  In  the  remainder  of  the 
paper  the  following  topics  appear:  Positive  testimony  of  the  influence 
of  mind  on  disease,  Failures  in  the  practice  of  mental  therapeutics. 
Hypnotism  as  a  therapeutic  agent.  Theory  of  mental  therapeutics,  Psy- 
chological problems  suggested,  R&um^  and  conclusions. 

SiBEET :  A  Genetic  Study  of  Immortality.     Pedagogical  Seminary, 
Vol.  6,  pp.  267-313  (1899).     (Diflsertation.) 

A  study  of  the  origin  and  characteristics  of  ideas  of  the  sonl,  im- 
mortality, heaven,  and  a  future  life,  made  on  the  basis  of  the  reports 
of  the  thoughts  of  deai  mutes  before  training,  on  about  five  hundred 
replies  to  a  qvsstionnaire,  and  on  other  material.  Biological,  psychologi- 
cal, and  moral  aspects  of  the  belief  in  immortality  are  also  considered. 

Besides  the  studies  of  these  lists,  which  have  bean  printed,  a  number 
more  have  been  made  and  are  in  the  hands  of  the  instmctors  practically 
ready  for  puUioation.  Others  still  have  been  made  and  the  data  sub- 
mitted without  complete  writing  out ;  a  good  part  of  these  will  ultimately 
be  made  use  of  either  in  themselves  or  as  the  basis  for  further  research 
along  the  same  lines. 


After  this  outline  of  work  done  in  the  past,  a  few  words  may  be  per- 
mitted with  reference  to  the  future  of  the  department.  This,  like  its 
past,  must  be  closely  connected  with  the  general  progress  of  psychological 
science,  and  the  question  naturally  becomes  that  of  the  directions  in  which 
progress  may  be  most  reasonably  expected.  Let  me  begin,  as  before,  with 
the  laboratory. 

It  seems  to  me  that  the  two  lines  of  greatest  promise,  conceding  readily 
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the  importance  of  contiuuing  research  E^oug  lineB  already  undertaken,  are 
those  of  comparative  and  of  individual  psychology.  Work  has  already 
been  begun  in  both  fields.  Especially  in  comparative  psychology  much 
has  already  been  done  by  the  biologists,  but  much  remains  yet  to  be  done. 
There  is  surprisingly  little  accurate  knowledge  of  the  mental  life  of  even 
the  commonest  animals ;  there  are  many  anecdotes,  but  not  many  reliable 
observations,  and  very  few  experiments.  In  this  field  lie  the  questions  of 
instinct  and  heredity,  belonging  alike  to  psychology  and  biology,  to  which 
run  back  so  many  of  the  moat  fundamental  and  practiced  of  even  strictly  , 
psychological  questions.  Much  may  also  be  expected  from  the  full  intro- 
duction into  psychology  of  the  comparative  method  which  has  so  broad- 
ened and  enriched  other  sciences  in  which  it  has  been  applied.  The 
conception  of  mind,  as  of  something  not  narrowly  human  or  confined  to  a 
few  higher  animals,  but  as  in  some  sort  present  in  all  animals,  even  the 
lowest,  with  a  history  as  long  as  evolution,  opens  up  vistas  to  which  psy- 
chologists have  been  too  little  accustomed.  Much  surely  is  to  be  expected 
from  this  closer  alliance  of  psychology  with  biology. 

While  the  theoretical  interest  of  comparative  psychology  is  thns 
hardly  to  be  overestimated,  the  practical  interest  of  the  efforts  toward  an 
individual  psychology  is  hardly  Less  important.  We  know  something 
about  the  mental  differences  of  our  fellow-men,  but  we  know  very  little 
about  them  in  a  scientific  way.  What  underlies  temperament?  What 
are  the  laws  of  the  growth  of  character  ?  Why  do  some  pupils  do  well  ■ 
with  some  teachers  and  not  with  others  ?  What  is  the  best  treatment  for 
reform  school  boys  ?  How  shall  one  deal  with  exceptional  and  peculiar 
children  in  the  family?  Individual  psychology  ought  to  answer  such 
qnestions  as  these,  and  many  others.  It  is  clear,  of  course,  that  many  of 
these  questions  extend  far  beyond  the  possibilities  of  the  laboratory,  but 
the  methods  and  standpoint  and  training  of  the  laboratory  will  play  no 
small  part  in  their  final  solution,  and  justify  attacking  them  from  that 
side. 

Closely  connected  vrith  individual  psychology,  but  lying  a  little  fur- 
ther from  the  laboratory,  is  another  field  which  might  be  called  the 
"  psychology  of  the  permanent  apperceptive  groups  "  —  the  study  of  the 
mental  attitudes,  that  is,  that  result  from  the  fundamental  experiences  of 
life,  a  study  of  apperception  which  does  not  stop  at  demonstrating  the 
fact  of  mental  habit,  but  goes  on  to  investigate  the  effect  of  one  sort  of 
mental  habit  upon  the  rest ;  how,  for  example,  the  fact  of  fatherhood  or 
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a  severe  sickness  may  alter  character  distinctly  and  permanently.  These 
topics  have  not  been  neglected,  but  many  questions  remain  that  would 
well  repay  the  worker  of  proper  equipment  and  insight.  Coordinate  with 
these  are  the  study  of  the  more  complex  emotions,  of  religion  and  of 
eesthetics,  all  of  which  promise  much  and  should  have  an  important  place 
in  a  psychological  department  as  a  counterweight  to  the  laboratory.  It 
is  on  the  data  obtained  from  the  study  of  these  topics  and  those  of  the 
last  group,  with  others  like  them,  that  true  mental  and  moral  hygiene 
must  rest.     Fortunately,  here  also  we  have  beginnings. 

Beyond  these  again,  there  are  topics  of  great  popular  interest,  like 
those  of  Christian  science  and  psychical  research,  upon  which  the  lay- 
man has  a  right  to  ask  an  expert  opinion  from  science,  and  on  which 
psychology,  after  careful  investigation,  can  and  ought  to  speak. 

What  any  particular  department  of  psychology  can  do  in  realizing 
these  promisea  of  the  future,  most  depend  upon  the  resources  in  men  and 
materials  that  it  can  command.  Work  in  comparative  psychology  can  be 
begun  at  once  wherever  suitable  accommodations  can  be  provided  for  the 
animals, — proper  housing,  cages,  aquaria,  and  such  attendance  as  shall 
insure  the  health  and  happiness  of  the  animals,  which  are  essential  factors 
in  any  reliable  study  of  their  behavior,  — and  a  properly  qualified  observer 
can  be  secured.  The  first  of  these  requirements  is  easier  to  fill  at  present 
than  the  second,  for  as  yet  too  few  persons  have  equipped  themselves  both 
as  psychologists  and  naturalists,  but  this  lack  will  not  long  exist  if  the 
subject  is  taken  up  in  earnest.  For  the  portion  of  individual  psychology 
that  comes  within  the  scope  of  the  laboratory,  there  is  need  of  new  instru- 
ments  of  at  least  a  relative  precision,  many  of  which  must  yet  be  devised 
or  slowly  perfected  by  trial  and  failure,  which  involves  a  liberal  subsidy. 
For  any  of  the  more  general  problems  mentioned,  the  first  requisite  is 
men  of  proper  natural  equipment  and  training.  Not  every  man  of  learn- 
ing is  fitted  to  handle  them,  and  those  devoted  to  them  must  not  be  ao 
much  taken  up  with  the  routine  and  responsibility  of  elementary  teaching, 
that  they  lack  the  time  and  spirit  for  ardent  research.  And  these  men, 
once  secured,  must  be  liberally  supplied  with  such  help  in  the  way  of 
books  and  other  materials  as  they  need.  Of  these  three  things, —  quarters 
for  comparative  psychology,  apparatus  for  individual  psychology,  and  an 
enlargement  of  the  staff,  —  the  last  is,  in  all  ways,  by  far  the  most  impor- 
tant. Competent  and  enthusiastic  investigators  can  work  with  inadequate 
facilities,  but  no  facilities  can  take  the  place  of  the  men  or  of  the  freedom 
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from  routdne  teaching.  The  Clark  department  has  already  made  such 
efforts  in  all  these  lines  as  its  opportunities  have  permitted.  Its  ten  years' 
history  justifies  the  prophecy  that,  with  enlarged  opportunities,  it  would 
make  more  than  commensurate  return  in  an  increase  of  the  advanced 
teaching  and  research  for  which  it  was  originally  organized. 
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Bt  Aikilf  Metks. 

It  is  hardly  necessary  to  insist  to-day  on  the  rematkably  suggestive 
influence  which  pathology  has  had  on  the  biology  of  man,  and  especially 
on  psychology.  Many  of  the  most  fundamental  changes  in  psycholc^ 
are  directly  tiaceable  to  problems  furnished  by  the  study  of  abnormal 
life,  clinical  and  post-mortem  pathology,  and  experimental  reproduction 
of  diseases  and  of  symptom-complexes.  Under  these  conditions  it  is 
evident  that  the  curriculum  of  a  psychologist,  and  of  biologists  generally, 
is  quite  incomplete  without,  at  least,  some  touch  with  results  and  problems 
of  general  pathology,  and  more  especially  of  neuro-  and  psycho-pathology. 

Starting  from  the  experience  that  certain  t3^e8  of  psycho-pathology 
lead  very  promptly  into  paths  which  have  nothing  to  do  with  biology, 
and  put  themselves  directly  on  pre-biological  traditions,  it  was  considered 
best  to  develop  a  course  which  would  begin  with  the  principles  of  general 
pathology,  the  abnormalities  of  the  most  general  biological  factors,  i.e. 
with  a  chapter  properly  beloi^ing  to  any  general  biology.  In  this 
field,  the  experience  in  the  domain  of  neurology  and  of  psychiatry 
would  have  to  be  worked  up  more  carefully,  as  far  as  possible  in  constant 
touch  with  the  broader  biological  concepts. 

Medicine,  barely  deserving  the  attribute  of  an  applied  science,  is 
not  rich  in  literature  breathing  the  biological  spirit.  To  a  great  extent 
it  stands  on  a  pre-biological,  materialistic  standpoint,  and  the  orthodox 
practitioner  of  medicine  is  usually  anxious  to  keep  to  materialism  and 
to  profess  ignorance  of  the  psychological  aspect ;  and,  again,  many  of 
those  who  look  upon  the  psychological  manifestations  in  their  patients 
very  rapidly  acquire  one  of  the  traditional  exclusive  standpoints,  danger- 
ously near  certain  mystical  concepts.  The  psychology  of  hypnotism, 
of  hysteria,  even  that  of  aphasia,  give  good  instances  of  such  tendencies. 
It  is  consequently  desirable  to  build  np  a  course  from  the  elementary 
to  the  more  difficult,  and  starting  from  the  least  contested  foundations 
to  proceed  to  the  less  comprehensible  points. 
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The  plan  outlined  in  the  lectures  and  clinics  of  the  spring  of  1897 
gives  an  idea  of  the  wotk. 

The  course  during  the  year  covered  the  following  ground  :  — 

1.  Introductoiy  remarks  on  general  biological  conceptions.  The  gen- 
eral biological  principles  applied  to  the  study  of  abnormal  life.  Relation 
between  neurology  and  psychology,  neuro-pathology  and  psychiatry,  neuro- 
logical and  psychical  phenomena  from  the  biological  standpoint.  Appli- 
cation of  the  point  of  view  to  alcoholic  intoxication  and  to  several  forms 
of  mental  disease.  Demonstration  :  Gaaes  of  Febrile  Delirium,  General 
Paralysis,  Catatonia,  and  Idiocy. 

2.  Review  of  the  general  pathology  on  the  ground  of  the  aspect- 
hypothesis.  The  terms  "disease,"  "residual,"  "defective  formation,"  and 
"defective  AjUage."  Clinical  and  post-mortem  pathology  and  their  share 
in  general  pathology.  Only  clinical  pathology  furnishes  data  on  the  psy- 
chological and  physiological  side.  Plan  of  clinical  study.  Anatomical 
study.  Our  knowledge  of  the  macroscopic  and  microscopic  lesions 
of  the  nervous  system  and  the  underlying  pathological  processes, 
defective  growth  and  nutrition,  intoxication,  abnormal  function.  Local 
disorders  :  Abnormal  circulation,  local  intoxications,  traumatic  disorders, 
over  activity,  perverted  function.  Demonstration  of  abnormal  brains  and 
histological  changes. 

8.  The  general  plan  of  the  nervous  system  and  illustrations  of 
diseases  of  the  various  parte  (levels).  The  neural  tube;  the  segmentary 
arrangement  and  the  elements  of  the  segments  within  the  lowest  level. 
The  middle  level  apparatus  —  cerebellum,  midbrain,  and  f orebrain,  and 
their  afferent  uid  efferent  connections.  Demonstrations :  (1)  Traumatic 
paralysis  of  the  nervus  peroueus.  (2)  Infantile  paralysis.  (S)  Cases  of 
hemiplegia.  (4)  Lead  paralysis  (Remak  type).  (S)  Alcoholneuritis. 
(6)  Locomotor  ataxia. 

4.  The  principles  of  localization.  The  meaning  of  the  connections 
of  neurones  by  numerous  collaterals,  of  the  "  interruptions  of  the  tracts 
hy  gray  matter,"  of  the  term  "centre."  Description  of  the  moat 
important  "  centres,"  the  lesions  of  the  apparatus  of  mimic  movements, 
the  sensorimotor  areas,  the  principal  "sensory"  projection  fields.  An 
outline  of  the  principles  of  aphasia  and  its  forms,  of  hemianopsia. 
Highest  level  symptoms.  Demonstration  :  Hemiplegia  with  hemianop- 
sia ;  two  cases  of  hemiplegia  with  motor  aphasia ;  one  case  of  sensoiy 
aphasia.     Reference  to  a  case  of  Brown-Sequard  paralysis. 
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5.  General  outline  of  mental  diseases.  Explanation  of  Eraepelin*a 
classification.  IlluBtration  of  a  paradigm  of  mental  disease :  General 
Paralysis,  its  etiology,  symptomatology,  and  principal  types.  Demonstra- 
tion of  six  cases. 

6.  Toxic  psychoses  and  psychoses  of  disturbed  metabolism.  Sum- 
mary of  the  data  of  psycho-physiological  study  of  fatigue  and  intoxication 
furnished  by  the  school  of  Kxaepelin.  Reriew  of  the  methods  and  the 
results.  Application  to  the  clinical  problems.  Demonstration :  Delirium 
Tremens,  Subacute  Alcoholic  Insanity.  Cretinism.  Dementia  Precox  and 
Catatonia. 

7.  Periodic  Insanity  compared  with  the  types  of  Yerbloedungs- 
processe.  Demonstration  of  further  types  of  Catatonia  and  of  Periodic 
Insanity ;  "Acute  Mania,"  "Acute  Melancholia." 

8.  Short  sketch  of  Senile  Dementia  and  demonstration  of  a  case. 
Constitutional  psychoses.  Resume  of  the  methods  and  aims  of  indlTidual 
psychology  (Cattell,  Miinsterbeig,  Jastrow,  EraepeUn,  Gilbert,  Binet  et 
Henri,  Guicciardi  and  Ferrari).  Value  of  "types"  of  character  or 
constitution.  Their  formatioa.  Dominant  ideas.  Mysophobia  aa  a 
type  of  Neurosis  of  Fear.     Development  of  Paranoia  ;  cases  of  Paranoia. 

In  the  spring  of  1896  a  similar  course  of  demonstrations  had  been 
given  (see  the  outline,  American  Journal  of  Payehology,  April,  1896, 
Vol.  7,  pp.  449-450).  In  the  spring  of  1898  only  one  lecture  was  possible 
(on  the  methods  of  individual  psychology,  especiaUy  Kraepelin's  work) 
and  a  short  course  of  four  climes  in  the  spring  of  1899.  The  desire  to 
extend  the  studies  into  research  work  has  remained  unfulfilled.  Several 
attempts  failed  because  the  possibilities  for  such  work  were  not  mature, 
neither  on  the  side  of  the  hospital  nor  on  the  part  of  the  University. 

The  general  principles  of  the  work  at  Clark  University  tend  toward 
the  education  of  workers.  So  far  the  sub-department  of  psycho-pathology 
has  been  purely  didactic,  covered  by  the  lectures  of  President  Hall,  on 
the  topics  which  have  specially  attracted  psychology,  e.g.^  border-line 
phenomena,  as  seen  in  neurotic  people,  prodigies,  and  geniuses;  defec- 
tive, such  as  the  blind,  deaf,  criminal,  idiotic;  mental  and  nervous 
diseases,  epilepsy,  phobias,  neurasthenia,  hysteria ;  morbid  modifications 
of  will,  personality,  emotion,  etc.,  and  by  the  above  attempt  at  giving  a 
course  with  clinics  based  on  general  pathology. 

The  research  work  along  these  lines  depends  on  two  important  condi- 
tions.     For  systematic  work  the  organization  of  a  clinic  is  necessary. 
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and  on  tiie  part  of  the  worker  a  fair  knowledge  of  general  and  special 
pathology  (in  its  broadest  sense  —  the  knowledge  of  abnormal  life,  not 
merely  pathological  anatomy  and  bacteriology^  is  an  absolute  pre- 
requisite. 

A  training  in  general  and  special  pathology  on  the  ground  of  a 
complete  course  of  biology  must  be  regarded  as  an  absolutely  necessary 
pre-requisite  for  research  in  psycho-pathology.  Whether  most  courses 
of  medicine  offer  what  is  needed,  and  whether  a  medical  education 
should  be  required,  is  a  matter  of  some  doubt ;  since  much  of  the  ordinary 
medical  course  ia  business  training  rather  than  work  in  pathology  in 
the  true  sense  of  the  word,  leaving  out  almost  intentionally  the  broader 
aspects  which  we  have  to  require  more  especially  for  research  in  our 
lines;  and  most  of  the  medical  courses  are  so  overburdened  that  the 
training  in  the  history  of  human  thought  and  philosophical  criticism 
ia  completely  crowded  out,  and  this  important  safety-valve  and  balancing 
apparatus  is  almost  missing  in  the  medical  curriculum. 

The  other  point,  the  creation  of  clinical  possibilities,  is  not  less 
difficult.  Our  attempt  at  the  Worcester  Insane  Hospital  has  hardly 
matured  sufficiently  to  allow  of  much  research  work.  The  work  which 
forms  the  foundation  of  research  must  be  done  first,  and  the  reoi^faniza- 
tion  begun  in  1896  is  only  just  beginning  to  furnish  the  material  for 
some  studies  suggested  by  Dr.  Sauford,  and  some  investigations  on 
more  closely  psychiatric  questions. 

The  study  of  the  most  protracted  disorders  of  human  life  requires 
such  a  patient  spirit  of  work  and  an  atmosphere  of  such  tenacious 
adherence  to  solid  working  principles,  that  the  predilection  for  fada 
and  the  haste  for  results  are  nowhere  more  lamentable.  Should  it  be 
the  good  fortune  of  this  department  to  get  strengthened  by  the  State, 
as  well  as  by  the  University,  a  psychiatno  clinic  and  research-station 
might  grow  up.  Efforts  of  this  character  are  being  made  in  New  York 
by  an  institute  independent  of  the  hospitals.  Our  plan  is  rather  to  develop 
the  research-station  on  the  basis  of  the  clinical  work.  The  constant  con- 
tact with  a  field  of  experience  such  as  a  clinic  offers  furnishes  the  safest 
working  basis  and  prevents  one  from  running  away  with  hasty  specula- 
tion derived  from  too  limited  a  number  of  facts.  The  best  field  for 
getting  problems  for  work  ia  that  of  actual  observation,  such  as  a  clinic 
only  can  afford.  To  pick  ont  curiosities  merely  wiU  never  lead  to  a 
psycho-pathology  worth  its  name. 
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Bt  Alexakdeb  Fbamcis  Chambxblain. 

Thb  hiHtory  of  the  Department  of  Anthropology  at  Clark  University 
forme  an  important  chapter  in  the  history  of  the  study  of  anthropology  in 
America,  since  it  was  the  first  educational  institution  to  distinctly  recog- 
nize anthropology  as  a  suhject  of  graduate  study  leading  to  the  degree  of 
Doctor  of  Philosophy. 

The  first  official  announcement  of  the  University,  published  in  May, 
1889,  included,  under  the  work  to  be  imdertakeD  in  the  Department  of 
Psychology,  the  following  subjects:  "The  Psychology  of  Language; 
Myth,  Custom,  and  Belief  anthropologically  considered."  With  the 
opening  of  the  academic  year,  anthropology  was  established  as  Section 
C  of  the  Department  of  Psychology,  and  a  laboratory  and  departmental 
library  provided,  with  proper  facilities  for  original  investigation  and 
research.  The  laboratory  contained  crania  for  practical  study,  necessary 
craniographic  and  craoiometric  instruments,  together  with  the  usual  tools 
of  the  anthropologist  working  in  the  field. 

The  library  of  the  University,  besides  a  special  anthropological  collec- 
tion, contains  a  very  complete  selection  of  the  literature  on  applied  ethics 
(criminology),  embracii^  the  chief  works  of  the  English,  Italian,  French, 
and  German  writers.  In  the  psychological  Kbrary  will  be  found  also 
many  works  relating  to  the  subjects  which  anthropology  and  psychology 
treat  of  in  common. 

In  1889  Dr.  Franz  Boaa  (now  Professor  of  Anthropology  at  Columbia 
University,  New  York),  a  graduate  of  the  University  of  Kiel,  who  was 
already  well  known  through  his  researches  among  the  Eskimo  of  Baffin 
Laud  and  the  Indians  of  Alaska  and  Britiah  Columbia,  was  appointed 
Decent  in  Anthropology,  which  position  he  held  until  the  close  of  the 
academic  year,  1891-92,  when  he  assumed  the  duties  of  director  of  the 
sub-department  of  physical  anthropology  at  the  World's  Columbian 
Exposition,  taking  with  him  his  fine  collection  of  crania.     At  the  Uni- 
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Tetsity  Dr.  Boaa  continued  his  studies  of  tlie  anthropology  of  the 
Northwest  Coast,  paying  especial  attention  to  a  monograph  on  "The 
Mythologies  of  the  North  Pacific  Coast,"  which  he  prepared  for  pnb- 
Ucation,  and  to  osteolt^oal  studies  of  the  material  coUeoted  during  his 
several  jonmeys. 

In  the  summer  of  1890  Dr.  Boas  was  engaged  in  investigating  the 
anthropology,  ethnology,  and  lii^piistics  of  the  Indian  tribes  of  the  coast 
of  British  Colombia,  under  the  auspices  of  the  British  Association  for 
the  Advancement  of  Science.  His  report,  presented  to  the  Leeds  meeting 
in  1891,  treated  of  the  customs  and  beliefs  of  the  Bella  Coola,  who  were 
shown  to  be  of  Salishan  stock,  besides  containing  a  general  review  of  the 
physical  characteristics  of  the  Indians  of  the  North  Pacific  coast,  with  a 
discussion  of  the  problem  of  mixed  races.  Studies  of  the  Chemakum  and 
Chinook  languages  were  also  continued  and  articles  prepared  for  publica- 
tion. Early  in  1890,  the  approval  of  the  school  authorities  having  been 
obtained,  an  extensive  series  of  anthropological  measurements  was  begun 
in  the  schools  of  the  city  of  Worcester,  and  carried  to  successful  comple- 
tion. Preparations  were  also  made  for  the  inauguration  of  similar 
investigations  in  other  parts  of  the  Union  and  in  Canada.  These 
measurements  were  undertaken  with  the  object  of  studying  the  growth 
of  children  as  influenced  by  varying  conditions.  The  investigations  in 
Worcester  were  carried  on  by  Dr.  Boas,  with  the  assistance  of  the  follow 
ing  members  of  the  University :  Dr.  G.  M.  West,  Mr.  A.  F.  ChamberlaLn, 
Mr.  T.  L.  Bolton,  Mr.  J.  F.  Reigart.  In  the  spring  of  1891  preparations 
were  made  for  extensive  anthropological  measurements  of  the  American 
Indians,  under  the  auspices  of  the  World's  Columbian  Exposition,  Dr. 
Boas  being  placed  in  charge  of  the  sub-department  of  physical  anthro- 
pology.  In  prosecution  of  tiiese  investigations,  the  following  students  of 
the  University,  trained  in  the  anthropological  laboratory,  were  engaged 
during  the  summer :  Dr.  Q.  M.  West,  in  Quebec  and  the  maritime 
provinces  of  Canada;  Mr.  T.  F.  Holgate,  in  eastern  Ontario;  Dr.  T. 
Proctor  Hall,  in  western  Ontario ;  Mr.  T.  L.  Bolton,  in  Idaho  and  Utah. 
Other  observers  were  similarly  employed  in  Alaska,  British  Columbia, 
the  northwest  territories  of  Canada,  Labrador,  Dakota,  Wisconsin, 
Washington,  Oregon,  New  Mexico,  Yucatan,  etc.  The  chief  object  of 
the  extensive  investigation  thus  begun  is  to  show  the  distribution  of 
types  over  the  American  continent,  and  to  settle,  if  possible,  disputed 
pcrints  regarding  the  physical  anthropology  of  the  Ihdiand.     In  the 
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aummer  of  1891  Dr.  Boas  resumed  his  InTestigationB  of  the  Indians  of 
British  Columbia  for  the  British  Aasociation,  and  also  visited  the  last 
survivor  of  the  Chinook  tribe,  from  whom  he  obtained  very  valuable 
ethnologic  and  linguistic  data. 

During  the  academic  years,  1889-92,  Dr.  Walter  Channing,  of  Brook- 
line,  Mass.,  Honorary  Fellow  of  the  University,  carried  on  original  iavesti- 
gations  in  the  laboratory  of  the  department. 

In  November,  1890,  Dr.  G.  M.  West  (afterward  Instructor  in 
Anthropology  in  the  University  of  Chicago),  a  graduate  of  Columbia 
College,  was  appointed  Fellow  (and  afterward  Assistant)  in  Anthro- 
pology, and  devoted  himself  to  the  consideration  of  its  physical  side, 
taking  a  large  part  in  the  anthropometric  investigations  begun  in  the 
Worcester  schools.  During  the  summer  of  1891  Dr.  West  was  engaged 
in  anthropological  measurements  of  the  Indian  tribes  of  Quebec  and  the 
maritime  provinces  of  Canada.  Appointed  Assistant  in  Anthropology  in 
1891,  he  continued  in  that  position  until  the  close  of  the  academic  year 
1891-92,  when  he  became  associated  with  Dr.  Boas  in  the  sub-depart- 
ment of  anthropology  in  the  World's  Columbian  Exposition,  having 
charge  of  the  anthropological  investigations  during  Dr.  Boas's  absence  in 
Europe. 

During  the  Docentship  of  Dr.  Boas  the  lectures  of  the  department 
were  as  follows  : — 

1.  A  course  of  lectures  on :  Physical  Anthropology,  Osteology,  and 
particularly  Craniology.  The  Physical  Character  of  the  living  subject : 
Anatomy  of  Races.  In  connection  with  these  lectures  practical  work  was 
carried  on  in  the  laboratory. 

2.  A  course  of  lectures  on  :  The  Anthropology  of  Africa,  embracing 
the  consideration  of  the  geographical  distribution,  physical  characters, 
languages,  and  culture  of  the  native  tribes. 

8.  A  course  of  lectures  on:  The  Application  of  Statistics  to  Anthro- 
pology. 

In  the  spring  of  1892  Dr.  West  delivered  a  course  of  lectures  on 
The  Growth  of  School  Children,  based  upon  the  results  obtained  in  the 
Worcester  schools.  These  lectures  have  been  published  in  Science  and 
the  Arehiv  fUr  Anthropologie. 

In  the  spring  of  1890  Mr.  A.  F.  Chamberlain,  a  graduate  of  the 
University  of  Toronto,  then  Fellow  in  Modem  Languages  in  University 
CoUege,  Toronto,  who  had  been  a  student  in  ethnology  under  the  late  Sir 
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Daniel  Wilson,  was  appointed  to  the  first  fellowship  created  in  anthro- 
pology in  the  University.  Previous  to  entering  upon  the  course  of  study 
for  the  doctorate,  Mr.  Chamberlain  had  made  special  investigations  of 
the  Algonkian  Indian  languages,  and  these  he  continued,  offering  as  his 
thesis  an  original  monograph,  "The  Language  of  the  Mississagas  of 
Skugog,"  which  was  published  in  1892.  Other  briefer  essays  in  the 
same  field  have  appeared  in  the  Proceedwgt  of  the  Canadian  Inttitute 
(Toronto),  Canadian  Indian,  Ameriean  Anthropolagiat,  Journal  of  Ameri' 
can  Folk-Lore,  Proeeedinga  of  the  American  Association  for  the  Advancement 
of  Science,  etc.,  during  the  years  1888-99. 

Time  snatched  from  busy  hours  from  1891  to  1893  was  devoted  to 
original  investigations  in  the  language  and  folk-lore  of  the  Canadian 
French,  some  results  of  which  have  been  published  in  Modem  Langvage 
Notes  (Baltimore),  Vols.  6-8.  In  1892  was  published  the  result  of  an 
extensive  investigation  of  the  use  of  "  Diminutives  in  -ing"  in  the  Platt- 
Deutsch  (Low  German)  dialects,  another  study  from  which  field,  "Color* 
Comparisons  in  the  Low  German  Dialects,"  subsequently  appeared. 

In  the  spring  of  1891  Dr.  Chamberlain  delivered  a  brief  course  of 
lectures  on  "  The  Relationship  of  Linguistics  to  Psychology  and  Anthro- 
pology." In  the  fall  of  the  same  year  he  assisted  in  the  anthropometric 
investigations  carried  on  in  the  schools  of  the  city  of  Worcester  under 
the  direction  of  Dr.  Boas,  and  in  April-May,  1892,  superintended  the 
measurements  of  some  15,000  school  children  in  Toronto,  Canada,  the 
results  of  which  work  are  being  from  time  to  time  published  (see  Report 
of  Commisnoner  of  Education,  1896-97,  Vol.  2)  by  Dr.  Boas,  under  whose 
auspices  it  was  carried  out. 

From  June  to  October,  1891,  he  was  absent  among  the  Kootenay 
Indians  of  southeastern  British  Columbia  and  Northern  Idaho,  having 
been  selected  by  the  committee  of  the  British  Association  for  the  Ad- 
vancement of  Science  to  carry  on  anthropological  investigations  among 
the  Indian  tribes  of  northwestern  Canada.  His  report  (discussing  in 
detail  the  ethnography,  physical  anthropology,  mythol<^y,  and  language 
of  this  comparatively  unknown  aboriginal  people)  was  presented  at  the 
Edinburgh  (1892)  meeting  of  the  Association  and  printed,  with  an 
introduction  by  Horatio  Hale,  as  the  "  Eighth  Report  on  the  Northwestern 
Tribes  of  Canada"  (London,  1892,  71  pp.).  Other  briefer  studies, 
botanical,  linguistic,  mythological,  psychological,  based  upon  the  material 
gathered  during  this  expedition,  have  been  published  in  the  Ameriean 
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ATithropoloffitt,  American  AntiquaHan,  Jbumal  of  American  Solk-Lor^ 
Verhandlut^en  der  Berliner  anthropoloffitchen  GeteUsohqft,  Arehivic  per 
rAntropoloffia,  Am  Ur-QueU,  Science,  etc.  The  great  mass  of  material, 
however,  is  still  in  process  of  preparation  for  publication,  and  will,  when 
complete,  make  some  four  good-aized  treatises  or  volumes  as  foUovs  :  — 

1.  Kootenay  Indian  Art  An  Interpretative  and  Comparative  Study  of  some 
Three  Hundred  Drawings  of  Natural  Objects,  Human  Beings,  Animals,  etc., 
made  by  various  Indians  of  the  Upper  and  Lower  Kootenay. 

2,  Mythology  of  the  Kootenay  Indians.  A  Comparative  and  Interpretative  Study 
of  some  Fifty  Animal  Tales  and  Legends  of  the  Kootenay  Indians.  Wil^ 
original  Indian  Text,  Translation,  Explanatory  Notes,  etc. 

3-4.  XHetionary  of  the  Kootenay  Langua^,  with  Introduction  on  Grammar  and 
Morphology.     Part  L,  Kootenay-English ;  Part  IL,  Engliah-Kootenay. 

As  much  time  as  could  reasonably  be  spared  from  other  duties  has 
been  devoted  to  the  long  and  difficult  task  of  compilation  and  revision  of 
these  original  studies. 

During  his  tenure  of  the  Lectureship  in  Anthropology,  Dr.  Chamber- 
lain has  lectured  twice  a  week  throughout  the  academic  year,  the  following 
courses  having  been  delivered:  — 

1892-93.  Mythology  of  the  Korth  American  Indians. 

The  syllabus  and  bibliography  of  this  detailed  interpretative  study  have 
been  published  in  the  "  Third  Annual  Beport  of  the  President  to  the  Trustees 
of  Clark  University,"  1893,  pp.  123-126, 141-161.  Several  of  the  lectures  have 
appeared  in  full,  or  in  abstract,  in  the  Journal  of  American  Folk-Jjore. 

1893-94.  General  Course :  The  Science  of  Anthropology  in  its  Belationa  to 
Psycholc^  and  Pedagogy.  Special  Courses :  (a)  Comparative  Mythology 
of  Ancient  Greece  and  Italy ;  (&)  Child  Life  among  Primitive  Baces,  the 
American  Indians  especially. 

The  introduotoiy  lecture  of  this  course,  under  the  title  "Anthropology  in 
Universities  and  Colleges,"  with  brief  historical  biblic^raphy,  has  been  pub- 
lished in  part  in  the  Pedagogical  Seminary,  Yol.  3,  pp.  48-60.  An  abstract  of 
one  of  the  lectures  in  course  (&)  has  appeared  as  "Notes  on  Indian  Child 
Language,"  in  the  American  AnOvropaiogiat,  Yol.  3,  pp.  237-241 ;  YoL  6,  pp. 


1894-95.  Besides  the  course  in  General  Anthropology,  the  followii^  brief 
special  courses  were  delivered :  Anthropology  and  Ethnology  of  Sex ;  The 
Child  amongst  Primitive  Peoples ;  Comparative  Mythology  of  America  and 
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the  Old  World;  Fs^oliology  of  FrimitiTe  Lan^agea;  The  Begmnings  of 

Art  and  Language;  The  .^thetical  Ideas  of  Priiaitive  Peoples. 

The  lectoies  on  the  "  Psychology  of  Primitive  Lai^aages"  were  based  npon 
original  inreBtigations  among  the  Algonkian  Indians  of  Canada,  and  the  Koote- 
nay  Indians  of  British  Columbia,  and  abstracts  of  several  of  them  have  been 
published  in  the  Amerioan  Anthropologiat,  Vol.  7  (1894),  pp.  68-69,  186-192 ; 
Yerhaadlwtgen  der  Berliner  anthropologiachen  GeaeUschaft,  1893,  pp.  421-425, 
1895,  pp.  561-556 ;  Archivio  per  f  Jjilropologia  e  la  Etnologia  (Firenza),  Vol. 
23  (1893),  pp.  393-399. 

The  lectures  on  "The  Child  among  Frimitive  Peoples,"  delivered  also  in 
popular  form  at  the  Summer  School  in  July,  1894,  have  been  elaborated  and 
published  aa  a  book,  with  the  title  "  The  Child  and  Childhood  in  Folk-Thought " 
QHbw  York,  Macmillan,  1896). 

1895-96.  Besides  the  course  in  General  Anthropology,  the  following  special 
and  briefer  courses  were  delivered:  Anthropometry  of  Children  and  Youth; 
The  Emotions  and  their  Expression  among  Primitive  B-aees;  The  Idea  of 
the  Soul  amoi^  Primitive  Peoples ;  Crime  and  Degeneracy  among  the  Lower 
BacesofMan;  Origin  and  Development  of  the  Family;  Sociolc^cal  History 
of  Woman. 

Two  of  the  lectures  on  "The  Emotions  and  their  Expression  among  Primi- 
tive Peoples  "  have  appeared  in  part  in  the  American  Journal  of  P^chaiogy, 
Vol.  10,  pp.  301-306,  "Fear,"  and  Vol.  6,  pp.  58&£92,  "Anger." 

1896-97.  Besides  the  conrse  in  General  Anthropology,  the  following  briefer 
special  courses  were  delivered :  The  Philosophy  of  Primitive  Mytbole^es ; 
Origin  and  Development  of  Social  Institutions;  Race-Psychology;  The 
Anthropolc^  of  Childhood;  Civilization  and  Evolution. 
One  of  the  lectures  in  the  course  on  "The  Philosophy  of  Primitive  My- 
fliology"  appears,  under  the  title  "Folk-Lore  and  Mythology  of  Invention,"  in 
the  Jo\miai  of  American  Fane-Lore,  Vol.  10  (1897),  pp.  89-100. 

1897-98.  Besides  the  course  in  General  Anthropolc^,  the  following  briefer 
special  courses  were  delivered:  The  Anthropology  of  Sex;  Frimitive  Children 
and  Children  of  Civilized  Baces ;  Social  Evolution ;  Origin  and  Development 
of  Primitive  Beligions ;  Anthropometry. 

1898-99.  Besides  the  course  in  General  Anthropology,  the  following  special 
briefer  courses  have  been  delivered ;  Child  Study  in  Italy,  Variation  and 
Degeneration,  Heredity  and  Environment 

Oataide  of  the  aoademic  and  summer  Bchool  oooises  the  following 
lectures  and  addresses  on  topics  of  geoeral  interest  have  been  deliTered 
from  time  to  time  in  Worcester  and  elsewhere :  — 
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1892.     Aims  and  Methods  of  Anthropometry.    Frincipala  aad  Teachers  of 
Grammar  Schools,  Toronto. 

1892.  Optimism.    CanadiaD  Club,  Clark  TJniveraity,  Worcester. 

1893.  Savage  Views  of  ^Nature.    Natural  History  Society,  Worcester. 

1893.  The  American  Indian.    Men's  Association,  Pilgrim  Church,  Worcester, 

Mass. 

1894.  Woman's  B61e  in  the  Development  of  Religion  and  Civilization.     Fort- 

nightly Club,  Woonsoeket,  B.I. 

1895.  The  World's  Debt  to  the  Bed  Man.    Natural  History  Society,  Sterlii^, 

Mass. 

1896.  The  Mother  and  the  Child  in  the  Story  of  Beligion  and  Civilization. 

South  Unitarian  Church,  Worcester,  Mass. 
1896.    Childhood.     Conference  of  Lend-arHand  Clubs,  Lowell,  Mass. 
1896.    The  American  Indian.     Dniversalist  Church,  New  Britain,  Conn. 

1896.  The  Making  of  Abraham  Lincoln.     South  Unitarian  Church,  Worcester, 

Mass. 

1897.  Johanna  Ambrosins.     Lend-a-Hand  Clubs,  South  Unitarian  Church, 

Worcester,  Mass. 
1897.     Youth.    Lend-a-Hand  Conference,  Boston,  Mass. 
1897.    Lincoln  and  Darwin.    South  Unitarian  Church,  Worcester,  Mass. 
1897.    InMemoriam:  Henry  George.  South  Unitarian  Church,  Worcester,  Mass. 

1897.  The   Unitarian   Church    and   Alcoholism.      Conference  of   Unitarian 

Churches,  Barre,  Maes. 

1898.  Primitive  Nature  Study.     Jacob  Tome  Institute,  Port  Deposit,  Md. 

1899.  The  Child  and  the  Criminal.    Monday  Morning  Club  (Uuiversalist  Min. 

istere),  Boston,  Mass. 

At  the  meetings  of  various  scientific  Bocieties,  1890-99,  the  following 
papers  have  been  presented,  those  marked  *  having  been  published  since 
their  delivery:  — 

1.  American  Folk-Lore  Society :  — 

1890.  'Nanibozhu  among  the  Otcfpwe,  etc. 

1892.   'Physiognomy  and  Physicfd  Charaoteiistios  in  Folk-Lore  and  Folk- 
Speech. 

1892.  Christ  in  Folk-Lore. 

1893.  Mythology  of  the  Columbian  Discovery  of  America. 

1895.  *Foetical  Aspects  of  American  Aboriginal  Speech. 

1896.  *Folk-Lore  and  Mythol(^  of  Invention. 

1898.  ^American  Indian  Names  of  White  Men  and  Women. 

2.  Modem  Langu^e  Association  of  America :  — 

1891.  *Tbe  Use  of  DtminutaveB  in  -iag  by  some  vriters  in  Low  G«rman 
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5.  American  Associatioii  foi  the  Advancement  of  Science :  — 

1893.  Primitive  Woman  as  Poet. 

1894.  •Translation  into  Primitive  Lan^oi^es.     (Abstract.) 
1894.  •Incorporation  in  the  Kootenay  Langu^^e. 

1894.  *Primitive  Anthropometry  and  its  Folk-Lore.     (Abstract.) 

1895.  •Kootenay  Indian  Personal  Names. 

*Word  Formation  in  the  Kootenay  Languf^e. 

4.  British  Association  for  the  Advancement  of  Science :  — 

1892.  'Kootenay  Indiana. 

1897.  'Kootenay  Indian  Drawings.     (Abstract) 

1897.  •The  Kootenays  and  their  Salishan  Neighbors.     (Abstract) 

fi.  Berliner  Anthropolc^ische  GleseUschaft:  — 

1893.  *WurzeIn  ans  der  Sprache  der  Kitonaqa-Indianer. 
189S.  'Beitrag  znr  Fflanzeukunde  dei  Natnrrdlber  Amerioa'a. 

6.  International  Congress  of  Anthropology  (Chicf^) : — 

1893.  •The  Coyote  and  the  Owl.     (Tales  of  the  Kootenay  Indians.) 

Dr.  Chunberlain  has  been  a  CooncilloT  of  the  American  Folk-Lore 
Society  (1894),  Secretary  of  the  Anthropological  Section  of  the  Ameri- 
can Association  for  the  Advancement  of  Science  (1894),  and  one  of  the 
secretaries  of  the  Antliropological  Section  of  the  British  Association  for 
the  Advancement  of  Science  (1897). 

Since  1894  anthropology  has  been  represented  on  the  programme  of 
the  Summer  School  of  the  University,  and  each  year  Dr.  Chamberlain  haa 
delivered  a  course  of  twelve  daily  lectures  upon  anthropological  questions 
aad  topica  of  more  or  less  interest  to  the  teacher  and  to  the  general  public 
These  courses  have  been  as  follows :  — 

1894.  Anthropology  of  Childhood.     (The  Child  Among  Primitive  Peoples.) 

1895.  Pedagogical  and  Psychological  Aspects  of  Anthropology. 

1896.  Anthropolt^  of  Childhood.     (New  Series.) 

1897.  Anthropological  Aspects  of  Childhood. 

189S.   The  Beginnings  of  Education  and  Educational  Institutions. — Primitive 


1899.  Educational  Aspects  of  Human  Evolution. 

At  the  various  summer  schools  the  following  topics  have  also  been 
popularly  treated  in  evening  lectures :  — 

1896.   (a)  The  Philosophy  of  Childhood  with  the  Poets. 
(b)  The  Genius  of  Childhood. 
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1897.  (o)  The  Divimty  of  Childhood. 

Q>)  The  Attitude  of  FiimitiTe  Peoples  toward  Natme. 

1898.  The  Childhood  of  Qenius. 

1899.  (o)  The  Prophecy  of  Childhood, 

(p)  The  MaMi^  of  a  Genius.     (Abraham  Lincolo.) 

Anthropology,  while  comparatively  a  new,  is  by  no  means  an  nnconi- 
mon,  subject  of  academic  instruction,  and  the  time  has  distinctly  passed 
when  it  should  be  called  upon  to  plead  for  it«  existence,  or  to  make  an 
oratio  pro  domo. 

Very  many  of  the  great  European  universities  have  specifically  rec- 
ognized anthropology  as  worthy  of  the  highest  positions  in  their  gift, 
and,  in  this  country,  institutions  like  Harvard,  Columbia,  Chic^o,  uid 
the  University  of  Pennsylvania  have  endued  this  department  with  the 
full  dignity  of  a  professorship.  Moreover,  nearly  twenty  other  colleges 
and  universities  in  America  now  offer  instruction  in  anthropology,  as 
such,  while  Sociology,  one  of  the  most  important  branches  of  the  science, 
is  to  be  found  on  the  curriculum  of  all  such  institutions  as  are  making 
any  efforts  whatsoever  to  keep  abreast  of  the  times.  Other  branches  of 
anthropology,  such  as  Comparative  Philology,  Comparative  Religion, 
Race  Psychology,  Anthropometry,  Archaeology,  Culture-History,  etc.,  are 
finding  more  and  more  acceptance  with  the  h%her  institutions  of  learning. 

Both  with  respect  to  original  research  and  to  academic  lectures,  the 
representatives  of  anthropology  in  American  universities  have  no  reason 
to  fear  comparison  with  the  professors  and  instructors  in  any  other  branch 
of  science,  and  their  influence  in  broadening  and  humanizing  some  of 
the  more  belated  and  conservative  of  the  kindred  branches  of  human 
knowledge  can  hardly  be  overestimated. 

It  is  a  aigniflcant  fact  that  the  latest  and  most  complete  academic 
recognition  of  anthropology,  the  promotion  of  Dr.  Franz  Boas  to  a  profes- 
sorship in  Columbia  University,  does  just  honor  to  one  who  began  his 
academic  career  as  a  Docent  in  Clark  University  in  1890.  How  much  of 
the  interest  in  anthropology  in  other  institutions  of  learning  can  be  legiti- 
mately traced  to  this  University,  which,  in  1892,  conferred  the  first  Ph.D. 
ever  granted  in  America  for  research  and  investigation  in  anthropological 
science,  cannot  readily  be  ascertained,  but  its  influence,  both  direct  and 
indirect,  has  been,  no  doubt,  as  it  still  is,  very  great.  Proofs  of  this  are 
not  wanting  in  the  curricula  of  more  than  one  of  the  higher  institutions 
of  learning,  while  the  course  in  anthropology  in  the  University  of  Illinois, 
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ofFered  by  Dr.  Arthtir  H.  Daniels,  a  graduate  of  Clark  University,  ia  ' 
directly  due  to  the  initiative  and  encouragement  of  the  department  of 
anthropology. 

Through  the  lectures  delivered  at  the  University  and  during  the 
Smmner  School,  the  anthropological  department  has  exercised  an  ever 
increasing  influence,  which  has  been  added  to  by  the  appearance  of  one 
series  of  these  lectures  in  book  form.  Another  point  of  contact  with  the 
teaching  profession  throughout  the  country  lies  in  the  use  of  the  depart- 
ment as  a  sort  of  bureau  of  information  upon  many  and  varied  topics  of 
educational  science.  During  the  last  year,  especially,  very  many  requests 
for  such  information  have  been  received  and  responded  to,  often  in  detail 
and  as  the  result  of  personal  research.  To  the  students  of  the  University 
the  department  of  anthropology  has  always  emphasized  the  great  value 
of  a  bibliographical  knowledge  of  the  subject  under  investigation,  and 
its  services  have  always  been  at  their  disposal. 

In  this  University  anthropology  ranks  as  a  branch  of  psychology,  and 
to  promote  and  advance  it  as  such  has  been  the  constant  aim  and  endeavor 
of  its  representative  on  the  Faculty.  The  lectures  have  been  such  as  to 
correlate  with  the  Instruction  given  in  philosophy,  psychology,  and  peda- 
gogy,  and  their  object  has  been  to  furnish  the  students  in  those  depart- 
ments with  the  moBt  recent  results  of  anthropological  investigations,  and 
to  imbue  them  with  that  wider  EUid  deeper  thought  that  comes  from  the 
contemplation  of  the  history  of  individual  and  of  racial  man,  and  to  lay 
firm  foundations  upon  which  in  years  to  come  may  rise  a  complete  and  per- 
fectly equipped  department  of  anthropology.  A  glance  at  the  theses  and 
essays  in  the  departments  of  philosophy  and  psychology  will  demonstrate 
the  way  in  which  the  department  has  advantaged  those  who  have  pro- 
ceeded to  their  degrees  in  this  University,  such  subjects  as  "  Regeneration," 
*'  Dolls,"  "  Migration,"  "  Hydro-Psychoses,"  "  Dendro-Psychoses,"  "  Im- 
mortality," "Teaching  Instinct,"  "Philosophy  of  Education,"  "Adoles- 
cence," "Degeneracy,"  etc.,  naturally  calling  upon  anthropology  for  its 
quota  of  fact  and  information,  which  has  often  been  quite  large  and  sig- 
nificant. Especially  has  this  been  the  case  since  "Child-study"  has  loomed 
up  so  largely  in  the  field  of  education,  for  questions  of  heredity  and  environ- 
ment, recapitulation,  atavism  and  reversion,  degeneration,  variation,  genius, 
and  the  like,  must  receive  from  anthropology,  more  or  less,  their  true 
orientation  and  interpretation,  —  the  science  of  the  child  would  be  help- 
less without  the  science  of  man,  the  story  of  the  individual  not  half 
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andeiBtood  without  the  story  of  the  race.  The  greater  prommeiioe  now 
beii^  giyen  to  indiTidual  psychology,  brings  psychology  also  into  closer 
and  better  touch  with  anthropology.  That  the  first  womui  to  hold  a 
fellowship  in  any  department  in  Harvard  University  was  an  anthropolo- 
gist is  a  fact,  which,  taken  in  connection  with  the  great  amount  of  excel- 
lent original  work  done  in  anthropology  by  women,  both  in  Europe  and 
in  America,  augurs  well  for  the  future  advancement  of  the  science,  when 
all  institutions  offering  post-graduate  infitructiou  in  anthropology  and 
facilities  for  original  investigation  shall  have  been  opened  to  women  upon 
the  same  terms  as  to  men.  The  composite  character  of  the  population  of 
the  United  States,  the  existence  within  its  borders  of  several  entirely  dis- 
tinct races,  and  the  addition  to  these  resulting  from  the  recent  acquisition 
of  outlying  and  distant  possessions,  must  inevitably  tend  to  make  anthro- 
pology more  and  more  a  real  academic  necesmty,  no  less  than  a  constant 
factor  in  the  determination  of  national  welfare  and  progress.  Unless 
every  sign  fails,  the  history  of  anthropology  in  the  next  quarter  century 
of  American  university  life  will  compare  in  brilliancy  with  that  of  any 
other  science  similiarly  stimulated  and  environed. 

At  this  University,  anthropology  has  accomplished,  as  the  record  of 
the  publications  of  the  department  shows,  results  out  of  proportion  to  its 
financial  resources  and  the  facilities  for  investigation  and  research  made 
possible  thereby.  With  other  departments  in  the  University  it  has  striven 
to  overcome  iJiese  serious  handicaps  as  much  as  might  be,  and  what  has 
already  been  done  must  serve  to  indicate  what  can  be  done  in  the  future, 
if  the  department  is  generously  and  satififactoiily  endowed.  Nowhere 
else,  perhaps,  can  the  "  sinews  of  science,"  rightly  employed,  give  ampler 
or  juster  returns,  if  the  past  foreshadows  the  years  to  come. 

Clark  University,  the  first  institution  in  America  to  recognize  anthro- 
pology as  a  fit  and  proper  subject  for  post-graduate  researches  and  iuves- 
gation  leading  to  the  degree  of  Ph.D.,  and  the  first  university  to  confer 
such  a  degree,  can  justly  hope  for  that  recognition  which  comes  to  the 
pioneers  in  all  great  educational  movements. 

But  before  the  department  can  labor  at  its  best,  it  must  have  the  best 
means  of  research  and  investigation,  be  equipped  as  well,  at  least,  as  any 
similar  department  in  any  other  institution  in  the  country.  Oiven  these, 
it  can  do  as  good  work,  or  even  better. 

The  professorships  at  Harvard,  Columbia,  Chicago,  and  Pennsylvania, 
the  Thaw  Fellowship  at  Harvard,  the  library  of  20,000  books  and  pam- 
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phlets  in  a  single  branch  of  anthropology  at  the  Univeraity  of  FennByl- 
vania,  and  the  hiboiatoiy  and  nxoseom  facilities  of  all  these  institationa 
which  hare  come  into  snch  rich  fmition  during  the  last  ten  years,  point 
the  traj  for  us,  if  the  good  work  of  the  past  is  to  increase  and  multiply. 
For  comparison  with  the  present  state  of  affairs  at  this  Unirergity,  the 
following  data  from  the  most  recent  ofBcial  publications  of  the  universi- 
ties concerned,  institutions  whieh  offer  post-graduate  courses  in  anthro- 
pology and  confer  the  degree  of  Ph.I>.  in  that  department,  will  suffice 
(sociology,  etc.,  not  included) :  — 

Harvard:  Professor;  InBtnictor;  Tliaw  Fellow  ($1060);   Hemenway  Fellow 

(«600)  ;  Wtnthrop  Scholar  («200). 
Chicago :  Associate  Prof eesor ;  one  Fellow. 
OolutiUna:  Professor;  two  Instmctora ;  President's  UniTBisity  Scholar  ($160); 

one  Fellow;  two  Scholars. 

One  cannot  escape  seeing  the  necessity  of  enlargement  and  further 
endowment  at  this  University,  if  anthropology  is  to  prosper  fully. 

Before  the  great  things  of  which  it  is  capable  can,  in  all  their  rounded 
completeness,  be  accomplished  here,  changes  and  im^ovements  must 
take  place,  and  the  following  are  among  those  most  needed  or  most 
desirable :  — 

(1)  The  department  must  ultimately  be  dignified  by  the  existence 
of  a  professorship,  if  it  is  to  continue  to  hold  its  own  among  the  similar 
departments  in  other  great  educational  institutions.  Anthropology  can 
wait,  as  it  has  waited,  but  it  scarcely  deserves  that  refusal  of  academical 
advancement,  which  is,  of  necessity,  bound  up  with  straitened  financial 
conditions. 

(2)  A  complete  departmental  library,  which  shall  include  aU  ciir- 
rent  periodicals  and  journals  of  anthropological  interest  and  afford  inlme- 
diate  access  to  the  very  latest  American  and  foreign  publications  in  aU 
branches  of  anthropological  science,  is  an  absolute  necessity.  The  ad- 
vantE^  of  having  all  these  under  one  roof  and  procurable  immediately 
after  their  issuance  is  inestimable. 

(3)  A  thoroughly  equipped  laboratory,  for  special  researches  and 
investigations,  is  also  among  the  things  first  to  be  desired,  and  what 
investigators  now,  or  formerly  connected  with  the  University,  have  done 
in  this  field  is  a  full  guarantee  that  such  an  addition  to  the  facilities  of 
the  University  would  be  well  utilized  and  appreciated. 
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(4)  A  museum,  which  ahall  contain  materials  and  specimens  illustrating 
the  parallel  development  of  the  individual  and  the  race,  is  also  a  detidera- 
tum,  for  this  truly  anthropological  theory,  so  fecund  for  education  and 
psychology,  has  yet  to  undergo  that  stem  teat  which  zoology,  palaeon- 
tology, and  geology  have  so  successfully  sustained. 

(5)  Generous  endowment  of  feUowships  and  Boholarships  (intra-mural 
and  estra-mural)  and  other  aids  in  investigation  and  field  work  is  abso- 
lutely necessitated  by  aay  adequate  instalment  of  anthropology. 

(6)  More,  perhaps,  than  is  the  case  with  most  other  departments,  lib- 
eral allowances  for  clerical  work  and  for  travelling  expenses,  the  lack  of 
which  80  often  delays  good  studies  and  inconveniences  good  men,  are  nec- 
essary, and  the  department  must  be  congratulated  on  what  has  been 
achieved  in  the  absence  of  all  these.     Often  to  be  able  means  to  accomplish. 

Judged  both  by  the  work  accomplished  here  and  the  status  of  anthro- 
pology in  other  universities,  the  department  has  every  reason  to  ask 
and  every  right  to  expect  such  increased  endowment  aa  will  enable  it  to 
make  the  next  ten  years  of  its  existence  as  notable  as  the  same  period  in 
the  history  of  anthropology  in  any  of  the  higher  institutions  of  learning, 
European  or  American. 
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Bt  William  Hkmbt  Bubnhak. 

Soon  after  the  opening  of  the  UniTersity,  President  G.  Stanley  Hall 
entered  upon  the  duties  o£  Professor  of  Psychology  and  E^acation. 
During  the  first  academic  year  no  pedagogical  courses  were  given,  but 
toward  the  close  of  the  year  Dr.  William  H.  Bumham,  the  writer  of  this 
report,  was  appointed  Docent  in  Ped^ogy  and  sent  to  Europe  by  the 
University  to  study  educational  institutions,  methods,  etc.  During  the 
year  1890-91,  courses  of  lectures  on  pedagogy  were  given  in  the  psycho- 
logical department  by  Drs.  Hall  and  Bumham,  and  a  seminary  met  weekly 
for  the  study  and  discussion  of  educational  subjects.  In  1893  the  educa- 
tional courses  were  designated  as  a  sub-department  of  psychology  offering 
a  minor  for  the  doctor's  degree.  But  the  work  has  remained  most  inti- 
mately connected  with  that  in  psychology  and  anthropology. 

In  any  natural  development  of  these  three  subjects,  the  subject-matter 
overlaps  and  is  interrelated.  In  this  University  no  attempt  has  been 
made  to  mark  a  line  of  division  between  them.  Specially  close  has  been 
the  connection  between  psychology  and  pedagogy,  most  of  the  students 
in  one  subject  taking  courses  in  the  other.  Such  vital  connection  of  the 
two  subjects  has  mutual  advantages.  Pedagogy  is  based  upon  psychology 
and  owes  to  it  the  inspiration  and  stimulus  to  scientific  work,  and  psy- 
chology owes  to  pedagogy  the  suggestion  of  some  of  its  most  fruitful 
fields  of  investigation. 

With  a  limited  staff  no  attempt  has  been  nude  to  cover  the  whole 
field  of  pedagogy ;  but  by  choosing  specially  important  parts  of  the  field, 
and  by  extending  the  courses  over  two  or  three  years,  an  effort  has  been 
made  to  show  how  the  subject  should  be  studied.  By  this  method  lectures 
have  been  given  on  the  history  of  the  modern  reform  movement  in  educa- 
tion, begun  on  the  one  hand  by  the  early  Italian  Humanists,  and  on 
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the  other  by  Comenius,  the  present  organization  of  achoola  in  England, 
France,  and  Gennany,  the  Evolution  of  the  Teaching  Profession,  the 
Historical  and  Critical  Study  of  Educational  Principles,  Mental  and 
Physical  Development,  Educational  Psychology,  and  School  Hygiene, 
including  the  Hygiene  of  Instruction.  Other  courses  have  been  given 
by  Drs.  Hall,  Bnmham,  and  Luhens  on  the  following  among  other 
topics :  History  of  Methods  in  Reading,  Physical  Education,  Child-study, 
Adolescence,  Ideal  School,  Herbartian  Pedagogy,  History  of  Curricula, 
and  leading  present  topics  in  edncation. 

A  great  variety  of  subjects  have  been  studied  in  connection  with  the 
seminaries,  and  the  results  of  many  of  these  studies  have  appeared  in  the 
Pedago^cal  Seminary,  an  educational  journal  edited  by  G.  Stanley  Hall 
and  published  at  the  University,  beginning  in  1S91.  The  work  of  the 
department  is  best  seen,  however,  by  noting  its  Bims,  methods,  and 
concrete  results. 

The  aim  of  the  department  is  twofold :  first,  to  give  instruction  and 
training  to  those  who  are  preparing  to  be  professors  of  pedagogy,  super- 
intendents, or  teachers  in  higher  institutions ;  second,  to  make  scientific 
contributions  to  education.  These  two  ends  are  so  closely  related  that 
the  pursuit  of  one  involves  much  of  the  work  required  for  the  other  also. 
Suitable  preparation  for  the  course  involves  so  mnch  of  general  edu- 
cation as  is  usually  indicated  by  the  B.A.  degree.  A  good  reading 
knowledge  of  French  and  German  is  of  vital  importance,  and  an  acquaint- 
ance with  elementary  psychology  is  desirable,  it  being  taken  for  granted, 
of  course,  that  tiiose  who  intend  to  teach  have  adequate  knowledge  in 
their  own  special  departments. 

Assuming  that  a  student  has  adequate  preparation,  three  things  are 
essential  for  higher  pedt^ogical  training :  first,  a  general  knowledge  of 
the  organization  of  education  in  different  countries  and  of  literature  in  the 
field  of  education,  including  the  history  of  education,  psychology  in  its 
relation  to  education,  and  school  hygiene;  second,  actual  experience  in 
teaching,  together  with  observation  of  good  teaching,  and  some  direct 
study  of  educational  institntiona  of  different  character  and  grade ;  third, 
some  experience  in  independent  research,  involving  not  only  the  thorough 
study  of  all  authorities  upon  a  subject,  and  of  all  work  that  has  been  done 
in  the  same  field  in  different  countries,  but  also  original  investigation 
leading  to  a  scientific  contribution. 

These  three  kinds  of  work  may  be  done  simultaneoosly  or  successively. 
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In  some  of  the  best  higher  pedagogical  seminaries  in  Germany  they  are 
done  aimoltaneously.  Students  study  and  report  upon  educational  and 
psychological  literature.  They  visit  classes  of  different  grades,  ohserving 
the  work  of  regular  teachers,  and  also  teach  in  a  practice  school.  At  the 
same  time  they  endeavor  to  investigate  some  special  prohlem.  In  this 
University  the  study  of  educational  literature,  by  lectures  and  inde- 
pendent reading,  fmd  the  investigation  of  some  problem,  are  usually  car- 
ried on  simultaneously ;  but  practical  experience  in  teaching  must  be 
guned  before  or  after  the  University  course.  There  are  some  advan- 
tages in  doing  actual  teaching  simultaneously  with  the  study  and  investi- 
gation of  educational  problems.  Direct  experience  in  the  school  makes 
investigation  more  vital  and  practical,  and  is  an  important  control  in 
scientific  research.  But,  while  at  present  the  University  baa  no  practice 
school,  as  a  matter  of  fact,  most  of  those  who  have  been  members  of  the 
educational  department  have  had  experience  in  teaching  before  coming 
to  the  University ;  and  the  lack  of  direct  connection  with  the  schools  is 
in  part  supplied  by  visits  to  educational  institutions.  Moreover,  there 
is  no  rigid  line  between  instructors  and  students  in  the  department.  Both 
are  teachers  and  learners  in  turn.  Special  emphasis  is  placed  upon  the 
importance  of  research ;  and  much  of  Xhe  time  of  the  instructors  is  spent 
in  consultation  with  individual  students  in  r^ard  to  their  investigations. 
President  Hall  especially  has  given  a  large  amount  of  attention  to  direct- 
ing this  work.  The  research  undertaken  has  been  largely  in  the  field 
of  genetic  psychology  and  related  subjects ;  and  tiie  students  have 
been  assisted  by  the  instructors  in  psychology,  anthropolt^y,  and  neu- 
rology. A  great  variety  of  topics,  however,  have  been  studied ;  and 
a  large  part  of  the  investigations  have  yielded  results  for  publication. 
The  papers'  that  have  already  appeared  may  be  roughly  classified  as 
follows :  — 

Conttlbatioiia  to  the  Fbyaloloey  and  Psychology  of  Derelt^neot. 

BOHAKNOK,  E.  W. :   A  Study  of  Peculiar  and  Exceptional  Children. 
Pedagogical  Seminary,  Oct.,  1896,  Vol.  4,  pp.  8-60. 

Based  upon  answers  to  a  qaettionnaire  reporting  over  a  thousand 


I  Hany  of  the  pnpen  mentioned  in  thia  llat  an  quite  as  mnoh  products  ol  tlie  department 
of  paycliology  as  of  that  of  pedagogy ;  and,  on  the  other  hand,  the  pedagogical  department 
haa  contributed  to  many  of  the  pifdiological  etadlea  mentioned  abore. 
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BoHANNON,  E.  W.:  The  Only  Child  in  a  Family.  Pedagogical 
Seminary,  April,  1898,  Vol.  5,  pp.  475-496. 

From  a  study  of  reports  of  381  only  ohildren,  it  appears  that  only  cMI- 
dreti  are  below  the  average  in  vitality  and  mmsually  subject  to  mental 
and  physical  defects  of  a  grave  character,  and  tJoat,  lacking  the  impor- 
tant education  from  the  constant  companionship  of  other  children,  they 
need  special  pedagogical  care  and  training. 

Bttek,  Fbedeeick:  Growth  o£  Children  in  Height  and  Weight. 
Am.  Jour,  of  Pay.,  April,  1898,  Vol.  9,  pp.  253-326. 

A.  comprehensive  r^um6  of  the  numerous  studies  in  this  field,  with  a 
discussion  of  their  pedagogical  siguifioance. 

BuBK,  Fkbdgrick  :  From  Fundamental  to  Accessory  in  the  Devel- 
opment of  the  Nervous  System  and  of  Movements.  Pedagogical 
Seminary,  Oct.,  1898,  Vol.  6,  pp.  6-64. 

A  contribution  to  the  physiology  of  development,  especially  a  study 
of  the  evolution  of  hand  movements  in  the  development  of  the  normal 
child.  From  a  comprehensive  review  of  the  various  neurological  and 
psychological  studies  upon  this  subject,  the  author  makes  among  others 
the  following  conclusion :  that  there  is  an  early  period  in  the  develop- 
ment of  each  part  or  process  when  the  purpose  of  education  must  be  to 
follow  the  fixed  innat«  heredity  line  of  tendency  (fundamental  educa- 
tion); that  there  follows  a  later  period  in  an  activity's  development 
when  it  passes  partially  out  of  the  control  of  racial  habit  and  becomes 
more  plastic  to  present  environment  (accessoty  education).  Presented 
as  a  dissertation. 

BTiBNHAif,  Wm.  H.  :  The  Study  of  Adolescence.  lUd.,  Jane,  1891, 
Vol.  1,  pp.  174-195. 

A  brief  introduction  to  the  study  of  the  adolescent  problem. 

BuBNHAM,  Wm.  H.  :  Individual  Differences  in  the  Imaginations  of 
Children.    Und.,  March,  1898,  Vol.  2,  pp.  204-225. 

Based  upon  literature  and  reports  by  students  at  the  Worcester 
formal  SohooL 

Chbisuan,  Osoab:  The  Secret  Language  of  Children.  Science^, 
Dec.  1, 1893,  Vol.  22,  p.  808. 
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Cbobwell,  T.  R.  :  Amosements  of  Worcester  School  GliildreD. 
Pedagogieal  Seminary,  Sept.,  1899,  Vol.  6,  pp.  267-871. 

A  atady  of  the  amoAflmeats  of  two  thousand  children  based  upon 
nportB  by  the  children.  A  contribution  to  the  problem  of  variation  in 
play  as  conditioned  by  age,  sex,  nationality,  locality,  and  season.  The 
results  indicate  as  characteristic  of  the  games  of  adolescence  the  codpeia- 
tioa  of  a  number  of  individuals  to  seeure  a  definite  end,  and  the  delight 
in  contest  in  contrast  with  the  individualistic  amusements  of  earlier 
years. 

Hauj,  G.  Stanlbt  :  InitiationB  into  AdoleBcenoe.  Proc.  Am. 
AnHq.  Soc,  Worcester,  Mass.,  Oct.  21,  1898,  Vol.  12,  pp.  867-400. 

Includes  a  detailed  account  of  certain  rites  of  primitive  peoples,  and 
discusses  the  relation  of  adolescent  instincts  in  religion. 

Lancasteib,  E.  G.  :  The  Psychology  and  Fed^^gy  of  Adolescence. 
Pedagogictd  Seminary,  July,  1897,  Vol.  5,  pp.  61-128. 

A  comprehensive  study  by  the  queitiotmaire  method.  With  a  rtfsnm^ 
c£  the  work  of  others  and  practical  su^estions.  Presented  as  a  disser- 
tation. 

YODBB,  A.  H. :  The  Study  of  Uie  Boyhood  of  Great  Men.  lUd., 
Oct.,  18M,  Vol.  8,  pp.  134-156. 

Based  upon  the  study  of  a  la^e  number  of  biographies. 

Stndlea  of  SpecUl  BranchM  of  Education  from  the  Genetic  Point  of  Tlnr. 

Eixia,  A.  Cabwsll  :  Sunday-echool  work  and  Bible  Study  in  the 
Light  of  Modem  Pedagogy.  Ibid.,  June,  1896,  Vol.  8,  pp.  863- 
412. 

An  attempt  to  suggest  the  psychological  method  of  religious  instmo- 
lion,  tc^ether  with  an  historical  sketch  of  the  Sunday-school  idea. 

Johnson,  G.  E.  :  Education  by  Plays  and  Games.  lUd-^  Oct.,  1894, 
Vol.  8,  pp.  97-133. 

Presents  a  classified  list  of  about  five  hundred  plays  and  games  with 
a  study  of  their  educational  value. 

HOTT,  Wm.  a.  :  The  Love  of  Nature  as  the  Root  of  teaching  and 

learning  the  Sciences.    Ibid.,  Oct.,  1894,  Vol.  8,  pp.  61-86. 

Based  chiefly  upon  literature,  with  pedag(^cal  suggestions. 
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LuEKNS,  Hbbman  T.  :  Prelimuuuy  Keport  on  the  Learning  of  Lan- 
guage.   Ihid^  June,  1896,  Vol.  8,  pp.  424-460. 

Traces  the  st^es  in  a  child's  learning  to  talk,  and  presents  mnch  data 
in  regard  to  pronunciation  and  the  derelopment  of  the  sentence. 

LuKKNS,  HsBMAN  T. :  A  Stud^  of  Children's  Drawings.     Ibid,, 
Oct.,  1896,  Vol.  4,  pp.  79-110. 

A  genetic  stady  based  npon  original  reports  and  observaticma. 

Phillips,  D.  E.  :  Number  and  its  Application  peyehologically  con- 
sidered.   Ihid.,  Oct.,  1897,  Vol.  6,  pp.  221-281. 

Includes  a  stud;  of  over  two  thousand  arithmetic  papras  prepared 
b;  children  in  the  schools,  the  results  of  a  queationnain  research,  a  criti- 
cal estimate  of  man;  text-boohs,  and  a  discoasion  of  the  general  sub- 
ject from  the  genetic  standpoint. 

SlBKBiT,  J.  R. :  A  Study  in  Moral  Education.    JKd,  July,  1897, 
Vol.  5,  pp.  6-40. 

Based  upon  the  rNoinisceat  answers  of  adolescents  to  a  qwationnaire. 
The  results  surest  the  great  r81e  of  imitation,  instruction,  the  sentiments, 
and  heredity  in  moral  action,  and  emphasize  the  significance  of  habit. 

Stbeet,  J.  K.  :  A  Study  in  Language  Teaching.    IHd.,  April,  1897, 
Vol.  4,  pp.  269-298. 

Studies  In  School  Hygiene. 

Btjbnham,  Wm.   H.  :    OutUnee  of  School  Hygiene.    Rid.,  June, 
1892,  Vol.  2,  pp.  9-71. 

Includes,  besides  a  general  snirey  of  school  sanitation,  brief  studies 
of  SDch  topics  as  &tigne,  the  period  of  study,  school  furniture,  the 
hygiene  <^  writing,  ete. 

BuBifHAu,  Wh.   H.  :    Bibliography  of  School  Hygiene.    Proe.  N. 
E.  A.,  1898,  pp.  605-623. 
A  selected  list  of  436  titles. 

Chbishan-,  Oscab:   The  Hearing  of  Children.    PedagogictU  Semi- 
nary,  Dec,  1898,  Vol.  2,  pp.  897-441. 

A  r&um^  of  the  investigations  of  the  hearing  of  sohool  children  in 

different  coimtries.    Practically  complete  to  the  date  of  publication,  with 
practical  su^estions  collected  from  different  authorities. 
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Dbesslab,  F.  B.  :  Fatdgae.     Ibid.,  June,  1892,  Vol.  2,  pp.  102-106. 
An  iatroduction  to  tha  general  subject  of  mental  fatigne. 

Dbesslab,  F.  B.  :  A  Sketch  of  Old  Schoolhouses.  Ihid.t  Jane, 
1892,  Vol.  2,  pp.  115-125. 

A  brief  historical  contribution  to  school  hygiene. 

FflnctplM,  Hethods,  and  Orsanizatlon  of  Edncatloii. 

CitoswELL,  T.  B. :  Courses  of  Study  in  the  Elementary  Schools  of 
the  United  States.     lUd.,  April,  1897,  Vol.  4,  pp.  294^-336. 

Devoted  especially  to  state  and  city  courses  and  legal  requirements. 

Ellis,  A.  Caswell:  Su^estiona  for  a  Philosophy  of  Evocation. 
Ibid.,  Oct.,  1897,  Vol.  5,  pp.  159-201. 

The  closing  chapter  of  an  extended  historical  study  of  the  philosophy 
of  education  presented  as  a  dissertation. 

Hall,  G.  Stanley  :  Child  Study  the  Basis  of  Exact  Education. 
Fonm,  Dec,  1893,  Vol.  16,  pp.  429-441. 

LuEENS,  Hbbuan  T.  :  The  Correlation  of  Studies.  Hducational  Re- 
view, Nov.,  1895,  Vol.  10,  pp.  364-388. 

PorruB,  J.  R. :  History  of  Methods  of  Inatmction  in  Geography. 
Pedcyogical  Seminary,  Dec,  1891,  Vol.  1,  pp.  415-424. 

Specially  an  account  of  German  methods,  based  upon  literature. 

SCBIFTUBE,  E.  W. :  Education  as  a  Science.  lUd.,  June,  1892, 
Vol.  2,  pp.  111-114. 

A  plea  for  experimental  education  with  report  of  illustratlTe  ezperi- 

ments. 

Seabb,  Chables  H.  .'  Home  and  School  Punishments.  Ibid..,  March, 
1899,  Vol.  6,  pp.  159-187. 

Based  upon  literature  and  the  ansvers  to  a  qvetUoKnaire. 

Ita  Training  of  Teadun. 

BuBK,  Frbdekiok  L.:  The  Training  of  Teachers.  Atia-ntio  Monthly, 
Oct.,  1897,  Vol.  80,  pp.  547-561,  and  June,  1898,  Vol.  81,  pp. 
769-779. 
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BUENHiM,  Wm.  H.  :  Higher  Pedagogical  Seminaries  in  Germany. 
Pedagogical  Seminary,  Dec,  1891,  Vol.  1,  pp.  890-408. 

k.  sbeteli  of  the  histoiy  and  present  character  of  the  different  kinda 
of  pedagogical  seminaries  for  training  teachers  for  the  higher  schools  in 
Germany,  based  on  litetatnire  and  personal  observation. 

BuBNSAM,  Wm.  H.  :  Some  Aspects  of  the  Teaching  Profesuoo. 
Forum,  June,  1898,  Vol.  26,  pp.  481-496. 

Hall,  G.  Staitley  :  AmericaD  Universities  and  the  Training  of 
Teachers.  lUd.,  April  and  May,  1894,  Vol.  17,  pp.  148-159, 
297-809. 

Hall,  G.  Stanley  :  The  Training  of  Teachers.  Ibid.,  Sept.,  1890, 
Vol.  10,  pp.  11-22. 

Hall,  G.  Staslby  :  Research  the  Vital  Spirit  of  Teaching.  Ibid., 
JiUy,  1894,  Vol.  17,  pp.  558-670. 

Phillips,  D.  E.  :  The  Teaching  Instinct.  Pedagogical  Seminary, 
March,  1899,  Vol.  6,  pp.  188-245. 

A  study  (^  Uie  phenomena  of  leadership  and  teaching  amoi^  animals 
and  children,  of  the  lives  and  motives  of  the  great  teachers,  and  of  tnun- 
ii^  in  relation  to  the  teaching  instinct,  including  a  contribution  by  the 
qoiettionnaire  method.    Presented  as  a  dissertation. 

Beigabt,  J.  F. :  The  Training  of  Teachers  in  England.  lUd.,  Dec., 
1891,  Vol.  1,  pp.  409-415. 

A  brief  sketch  based  upon  literature. 

Mlscellaiiamw. 

BuKK,  Fbbdbbick  L.  :  Teasing  and  Bullying.    Pedagogical  Seminary, 
April,  1897,  Vol.  4,  pp.  886-871. 
Based  on  returns  to  a  guettionttaire. 

Hall,  G.  Stanley  :  Boy  Life  in  a  Massachusetts  Country  Town 
Thirty  Years  Ago.  Proe.  Am.  Antiq.  Soe.,  Worcester,  Mass.,  Oct. 
21, 1890,  N.  S.,  Vol.  7,  pp.  107-128. 

An  historical  contribution  showing  the  many-sidedness  of  Ihe  home 
education  of  the  New  England  country  boy. 
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Hall,  O.  Stanley;  The  Case  of  the  Public  Schools.  Atlantie 
Montfdif,  March,  1896,  Vol.  77,  pp.  402-413. 

Hall,  G.  Stanley:  The  LoTe  and  Study  of  Nature:  a  Part  of 
Education.  A^ovlture  of  Maagachutettt,  1898,  pp.  184-154. 
Lectures  delivered  before  the  Massochusette  State  Board  of  Agri- 
culture at  Amherst,  Dec.  6,  1898. 

Treats  of  the  child's  attitude  toward  nature. 

Hancock,  John  A. :  Ad  Early  Phase  of  the  Manual  Training  Move* 
ment.     IMd.,  Oct.,  1897,  VoL  5,  pp.  287-292. 

A  brief  historical  sketch  of  the  old  manual  labor  sohooL 

Johnson,  Q.  E.  :  Contribution  to  the  Psychology  and  Pedagogy  of 
Feeble-minded  Children.    Ibid.,  Oct.,  1895,  Vol.  8,  pp.  246-291. 

Beporta  result  of  tests  of  memory  span,  motor  ability,  and  associatioa, 
in  feeble-minded  children  at  the  Massachusetts  School  for  tlie  Feeble- 
minded at  Waltham,  together  with  an  historical  introducticat  and  praoti- 
oal  sv^gestions  for  their  education. 

KzBTLEB,  Milton  S.  :  John  Knox's  Serricea  to  Education.  Edvoatum, 
Oct.,  1898,  Vol.  19,  pp.  106-116. 

Kline,  Linus  W.  :  Truancy  as  Related  to  the  Migratory  Inatinot. 
Pedagogical  Seminary,  Jan.,  1898,  Vol.  6,  pp.  881^20. 

Includes  a  comparison  of  the  physical  condition  of  truants  as  shown 
by  anthropometric  tests  with  tiiat  of  public  school  children. 

Sheldon,  Hbnby  D.  :  The  Institutional  Activities  of  American  Chil- 
dren.    Am.  Jour,  of  Pay.,  July,  1898,  Vol.  9,  pp.  425-448. 
Based  lately  on  returns  to  a  queatUmnaire. 

Shall,  M.  H.  :  Methods  of  manifesting  the  Instinct  for  Certainty. 
Pedagogical  Seminary,  Jan.,  1898,  Vol.  5,  pp.  818-880. 

A  comprehensive  stndy  of  oaths  based  upon  2,263  answers  to  a  qia^ 
Htmnaire  and  a  vast  amount  of  literature. 

Such  have  been  the  methods  of  the  department,  and  soch  in  part  the 
work  done.     The  aim  has  been  to  treat  a  fev  subjects  in  a  broad  way, 


.,  Google 


170  Pedagogy. 

rather  than  to  exhaust  l^e  field  of  conventional  pedagogy.  The  necessity 
and  the  advantages  of  this  method  are  obvious  from  a  brief  consideration 
of  the  subject  of  education,  both  theoretical  and  practical. 

Jean  Paul  Eichter  quotes  the  French  artist  who  required  from  a  good 
director  of  the  ballet,  besides  the  art  of  dancing,  only  geometry,  music, 
poetry,  painting,  and  anatomy.  "But,"  he  adds,  "to  write  upon  educa- 
tion means  to  write  upon  almost  everything  at  once  ;  for  it  has  to  care  for 
and  watch  over  the  development  of  an  entire  .  .  .  world  in  little,  —  a 
microcosm  of  the  macrocosm.  ...  If  we  carried  the  subject  still  fur- 
ther, every  century,  every  nation,  and  even  every  boy  and  every  girl, 
would  require  a  distinct  system  of  education,  a  different  primer  and  do- 
mestic French  governess,  etc."'  The  subject  of  pedagogy  is  still  more 
encyclop£edic  to-day  than  when  Jean  Paul  Richter  wrote  these  words. 
Its  foundation  involves  the  whole  physiology  and  psychology  of  develop- 
ment in  the  individual,  and  the  history  of  culture  in  the  race,  and  its 
superstructure  Includes,  not  only  all  the  various  forms  and  systems  and 
methods  of  education,  but  the  study  of  the  influence  of  environment  in 
the  widest  sense. 

The  conventional  views  minimize  both  the  difficulties  and  the  impor- 
tance of  the  subject.  It  is  said  that  pedagogy  is  applied  psychology  or 
applied  child  study,  and  again  that  pedagogy  must  get  its  norms  from  the 
history  of  education  and  from  child  study.  This  statement  will  do  if  one 
knows  what  it  involves.  The  history  of  education  means  the  history  of 
civilization  from  its  earliest  traceable  genesis  among  primitive  peoples. 
It  means  a  study  of  types  of  culture  and  the  conditions  of  their  develop- 
ment. In  a  word,  it  is  a  study  of  the  evolution  of  education.  Child 
study  means,  too,  the  study  of  the  physiology  and  psychology  of  develop- 
ment in  man.  The  science  of  development  aims  to  give  a  complete 
description  of  all  the  stages  of  physical  development  from  infancy  to 
maturity,  to  show  their  sequence  and  their  relation  to  the  acquisition  of 
organic,  sensory,  motor,  and  psychic  processes.  As  far  as  psychology  goes, 
it  is  genetic  psychology,  which  means  more  than  is  frequently  connoted 
by  child  study.  Adult  psychology  is  one  thing,  relatively  fixed,  except 
for  variations  incident  to  environment  or  the  individual.  Child  psychol- 
ogy, even  for  a  single  individual  and  a  given  environment,  varies  con- 
tinually because  the  individual  is  in  the  process  of  growth  and  rapid 
development  of  function.     It  is  one  thing  for  the  infant,  a  very  different 

1  Udttei,  ■*  Levana,  oi  the  Dootzlne  of  EducMion,"  Author's  Frefaoe. 
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thing  for  the  child  who  can  walk  and  talk,  still  another  at  that  platean  in 
the  curve  of  development  that  seems  to  come  somewhere  between  nine 
and  twelve  for  girls  and  ten  and  fourteen  for  boys,  still  another  for  the 
adolescent.  The  variation  is  seen  in  the  period  of  a  single  year,  almost 
with  the  changing  moons.  This  is  true,  not  only  on  account  of  the  grosser 
acqoi^tions,  but  is  seen  in  the  sequence  of  interests  and  activities-  Child 
psychology  is  protean.  It  varies  not  only  with  the  individual  and  the 
environment,  bat  especially  with  the  stage  of  development.  Further,  tiie 
science  of  development  includes  comparative  psychology.  Kot  only  must 
the  child  mind  be  compared  with  the  adult  mind,  but  the  st^^es  of  devel- 
opment in  the  child  should  be  compared  with  the  stages  of  development  in 
animals,  the  faculties  of  the  child  with  those  in  animals,  the  motor  ability 
and  activities  of  the  child  with  those  in  animals.  And  again,  the  st^fes 
of  development  in  the  child  must  be  compared  with  those  in  the  race; 
ontogenesis  in  relation  to  phylogenesis  must  be  studied. 

All  this  is  scientific  study,  not  directly  practical.  Before  deriving  the 
norms  for  practical  pedagogy,  a  propsedentio  study  must  be  made.  As 
Professor  James  has  said:  "  Psychology  is  a  science,  and  teaching  is  an 
art;  and  sciences  never  generate  arts  directly  out  of  themselves.  An 
intermediary  inventive  mind  must  make  the  application  by  using  its 
originality."  This  mediating  function  is  represented  by  two  somewhat 
vaguely  defined  branches  of  pedagogy  —  educational  psychology,  and  the 
general  principles  and  methods  of  education. 

Again,  after  the  general  principles  of  education  have  been  derived  from 
psychology  and  history,  and  the  theoretical  norms  established,  they  must 
be  verified  by  practical  educational  experiments.  This  brings  ns  to  the 
practical  side  of  pedagogy  represented  by  such  subjects  as  the  organiza- 
tion of  schools,  the  art  of  teaching,  and  special  didactics.  And  parallel 
with  the  art  of  teaching  in  its  derivation  from  the  science  of  development 
is  school  hygieue,  which  studies  especially  the  conditions  that  favor  the 
healthy  development  of  the  school  child.  Thus  pedagogy  is  both  theoreti- 
cal and  practical,  at  once  a  science  (at  least  potentially)  and  an  art. 

Such  is  the  subject  which,  as  the  Italian  proverb  runs,  is  always  poor 
and  naked,  and,  in  the  words  of  a  German  writer,  has  long  sat  as  a  drudge 
at  the  academic  hearth,  and  whose  highest  recognition  in  the  great  univer- 
mties  has  usually  been  aa  the  handmaid  of  philosophy.  Everybody 
believes  in  education,  yet  few  believe  in  pedagogy.  The  reasons  for  this 
are  obvions.     Apart  from  a  few  fundamentals  that  are  almost  common- 
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place,  pedago^  has  lacked  a  solid  body  of  scientific  knowledge  and 
iiniveTsaUy  accepted  principles.  Worse  than  this,  it  has  lacked  a  definite 
method  and  a  definite  ignorance. 

Most  of  the  works  on  the  history  of  education  are  padded  with  accounts 
of  second-rate  writers  and  second-rate  books  that  happen  to  be  labelled 
educational ;  while  the  really  great  educators  have  often  been  neglected, 
and  educational  movements  have  been  described  as  isolated  currents  in 
the  progress  of  civilization,  without  regard  to  their  vital  connection  with 
political,  social,  and  industrial  movements.  The  method  has  been  the 
elementary  method  of  studying  and  describing  isolated  facts  without 
regard  to  historical  perspective  and  causal  relations;  and  even  the  works 
c&  the  classic  writers  have  been  chiefly  the  repetition  and  recasting  of  a 
few  old  truths  which  had  been  forgotten  or  were  ignored  at  the  time  in 
which  the  reformers  lived.  For  example,  Comenius  two  hundred  and  fifty 
years  ago  taught  that  we  must  study  nature  by  the  iuductive  method 
and  adapt  education  to  the  sequence  of  the  stages  of  natural  development; 
but  his  writings  were  forgotten,  and  again  and  t^^ain  the  reformers  have 
had  to  teach  again  to  a  new  generation  the  simplest  principles  of  the 
Comenian  didactic.  Most  of  the  books  on  the  educational  systems  of 
to-day,  in  like  manner,  consist  of  the  barren  details  of  organization  and 
method,  and  the  description  often  of  inferior  teachers  and  schools.  The 
forces  that  have  produced  these  teachers  and  schools,  the  significance  of 
the  educational  movements,  have  not  been  seen;  and  the  philosophical, 
social,  and  religious  thought  that  has  determined  educational  ideals  has 
not  been  studied.  These  isolated  facts  are  barren.  Their  real  signifi- 
cance is  in  their  relation  to  other  facts.  We  cannot,  for  example,  under- 
stand the  educational  events  in  England  to-day  unless  we  know  something 
of  the  wider  relations  of  t^e  school  movement.  The  wrangling  over  the 
question  whether  the  parish  of  Eastfaonme  shall  have  a  school  board, 
or  whether  the  school  education  of  the  parish  shall  continue  to  be  supplied 
by  voluntary  schools,  means  a  great  deal  more  than  a  difference  in  taxes 
of  a  few  pence  in  the  pound.  This  petty  struggle  is  a  part  of  the  great 
movement  for  the  disestablishment  of  the  Church  of  England.  The  com- 
missioning of  a  new  fellow  for  university  extension  work  marks  another 
step  in  the  progress  of  the  democratic  ideal,  which,  no  longer  satisfied  with 
provision  for  elementary  education  for  every  child,  now  demands  also  for 
each  individual,  according  to  his  ability,  a  share  in  higher  education.  A 
new  endowment  for  a  technical  school  by  the  Worshipful  Society  of  Gold- 
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smiths,  or  the  like,  may  indicate  a  new  dread  of  democracy  on  the  part  of 
certain  monopoUsts  quite  as  much  aa  any  special  interest  in  industrial 
eduoatioD.  Oxford  itself,  with  all  its  marvellous  beauty  and  idealism,  the 
stronghold  of  conservatism,  cannot  keep  aloof  from  the  great  social,  indus- 
trial, and  educational  movements  outside.  No  better  illustration  could  be 
chosen  to  show  the  progress  of  the  democratic  ideal  in  education.  At  the 
b^inning  of  Queen  Victoria's  reign  one  could  not  even  study  at  Oxford 
without  subscribing  to  the  Thirty-nine  Articles.  A  few  years  ago  Jowett 
advocated  opening  the  university  honors  and  emoluments  to  the  world, 
admitting  anybody  to  any  university  examination  without  restriction  of 
sect,  class,  race,  ^a,  or  residence.  As  was  remarked  at  the  time,  if  fifty 
or  perhaps  twenty  years  ago  a  radical  undergraduate  were  to  have  made 
such  suggestions,  he  would  have  stood  a  chance  of  being  expelled  from  the 
univeraity,  as  Shelley  was,  for  blasphemy;  now  they  are  the  last  words 
of  Jowett,  quoted  with  approval  before  the  vice-chancellor. 

To  miss  these  latter  aspects  is  to  miss  everything  of  permanent  value. 
Historical  literature  in  education  has  relatively  little  importance  for  its 
direct  practical  teachings ;  but  the  importance  of  the  history  of  education 
as  a  culture  subject  can  hardly  be  put  too  high.  Education  represents 
one  of  the  deepest  human  interests,  more  vital  than  poUties,  and  well- 
nigh  as  universal  as  religion.  The  history  of  education  is  the  history  of 
the  development  of  civilization.  It  aims  at  nothing  less  than  the  study 
of  the  school  as  a  factor  in  the  development  of  culture  in  relation  to  l^e 
other  factors  in  education,  —  the  home,  the  church,  the  farm,  the  work- 
shop, the  playground,  and  the  rest.  And  it  aims  at  the  study  of  educa- 
tional movements  in  their  genesis,  and  in  relation  to  political,  social, 
industrial,  scieotiflc,  and  literary  movements.  This  involves  not  merely 
the  study  of  educational  writers  so-called  and  school  systems,  but  the 
study  of  types  of  culture  and  the  causes  that  condition  them. 

Likewise  in  the  other  parts  of  the  field  the  failure  to  recognize  the 
wider  significance  of  the  subjects  studied,  and  the  attempt  to  build  sys- 
tems before  the  foundations  were  laid,  have  brought  pedagogy  into  disre- 
pute. But  in  recent  years  the  conviction  has  grown  that  educational 
problems  must  be  studied  inductively ;  and,  better  still,  important  contri- 
butions by  the  inductive  method  have  actually  been  made.  This  has  put 
life  into  the  subject  and  given  hope  for  the  future.  Take  child  study  as 
an  illustration.  The  significance  of  the  modem  study  of  children  is  not 
merely  the  renewed  emphasis  on  the  old  truth  of  adapting  education  to 
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the  stages  of  derelopment,  bat  the  innight  that  Hie  only  way  to  m&ke  this 
principle  Tital  is  concrete  indnctive  stady  to  find  out  just  what  are  the 
stages  of  natoral  development.  Thus  every  fact  in  r^;ard  to  general 
development  or  individual  variation  is  deemed  significant,  and  the  student 
is  mlling  to  wait  for  a  nev  science  of  development  before  attempting  a 
permanent  pedagogical  syetem. 

During  the  past  ten  years  the  opptninimties  for  truly  scientific  work 
in  education  have  been  shown  as  never  before,  methods  of  investigation 
have  been  demonstrated,  and  in  part  the  foundations  of  a  science  have 
been  laid.  The  thii^  now  needed  are  trained  men  and  facilities.  With 
them  a  Bolid  content  of  scientific  knowledge  can  be  acquired  that  will 
place  historical  and  social  pedagogy  on  as  firm  a  baaia  as  general  history 
and  sooiolc^,  and  genetic  pedi^gy  on  a  scientific  footing  comparable  to 
that  of  psychology.  School  hj^ene  has  already  its  methods  and  a  solid 
body  of  knowledge,  but  it  needs  special  laboratories  for  instruction  and 
research,  either  independent  or  in  connection  with  psychology,  physiology, 
and  anthropology. 

The  work  in  pedj^i^y  in  this  University,  although  the  practical 
aspects  of  the  subjects  studied  have  not  been  neglected,  has  been  chiefly 
in  the  more  soientifio  and  theoretical  parts  of  the  field.  It  is  not  less 
important  on  this  account.  Pedagogical  study,  like  research  in  any 
other  field  of  history  or  science,  is  valuable  for  its  own  sake  withont 
regard  primarily  to  practical  results.  It  is  its  own  justification  and  its 
own  reward.  With  the  nacleus  of  solid  soientifio  contributions  that  now 
exists,  no  nniversi^  can  long  afford  to  omit  courses  in  education  from  its 
corriculom,  whether  they  have  any  practical  value  or  not.  Such  scien> 
tific  studies,  however,  cannot  be  divorced  from  the  practical  art  of  educa- 
tion. The  studies  of  children  have  emphasized  the  doctrine  that  the  aim 
of  childhood  is  its  own  development,  and  the  best  guarantee  of  normal 
maturity  is  normal  childhood  and  immaturify ;  in  a  word,  they  have 
emphasized  the  principles  of  normal  development.  But  these  principles 
are  no  longer  pedagogical  abstractions ;  they  are  greatly  modifying  the 
practical  work  of  education,  causing  greater  regard  for  individual  chil> 
dren  rather  than  uniform  classes,  for  health  rather  than  scholastic  prod- 
ucts, for  a  psychological  order  of  instruction  adapted  to  the  capacity  and 
interests  of  children  rather  than  logical  sequence  and  articulation  of 
grades.  In  a  word,  they  are  causing  courses  of  study  and  methods  to  be 
reconstructed  with  regard  to  the  one  fundamental  principle  of  fostering 
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Dormal  growth  and  developmeiit.  To  mention  a  few  details,  tea  years 
ago  school  baths,  adjustable  seats  and  desks,  and  vertical  script,  were 
vagarieB  of  universitj  theorists ;  to-day  they  are  deemed  essentials  in 
the  best  schools.  Ten  years  ago  suggestions  of  periodic  disinfection  of 
school  ^paiatos  and  school  text-hooka,  of  investigating  pupils'  individoal 
capacity  and  power  to  resist  fatigue,  and  of  adapting  education  to  indi- 
vidual capacity  and  interest,  in  elementary  and  secondary  schools,  were 
likely  to  be  ridiooled ;  now  their  soandness  has  been  demonstrated  by 
practical  experiments. 

What  part  this  University  has  had  in  this  movement,  it  is  not  easy 
to  say ;  bat  it  has  always  advocated  such  reforms  in  the  regular  courses 
of  lectures ;  many  addresses  on  topics  in  school  hygiene  and  pedagogy  have 
been  given  outside  the  University  before  schools  and  teachers'  meetings ; 
students  from  this  University  have  become  school  superintendents,  teachers 
in  secondary  sohooU,  professors  of  pedagi^y  or  psychology  in  normal 
schools,  professors  of  pedag<^y  in  colleges  and  universities  ;  and  teachers 
and  educators  from  all  parts  of  the  country  have  attended  lectures  on 
ped^ogy  daring  the  ses^ons  of  the  Summer  School.        , 

To  make  a  department  of  ped^ogy  what  it  should  be,  it  is  necessary 
that  the  whole  field  of  education  be  covered  by  lectures  as  far  as  possible, 
that  the  more  elementary  courses  be  given  every  year,  that  research 
should  be  extended  to  the  multitude  of  topics  that  offer  opportunity 
for  study.  Nowhere  in  the  world  is  a  complete  course  in  pedagogy 
covering  all  the  important  parts  of  the  field  given.  Here  and  there 
throughout  this  country  and  Europe  are  offered  a  few  truly  scientific 
courses,  but  the  subject  will  hardly  attain  its  due  academic  dignity  until 
somewhere  in  one  university  are  given  courses  which  approximate  an 
adequate  treatment  of  the  whole  field.  That  this  University  might 
approximate  s  complete  course  in  the  subject  are  needed  an  addition  to 
the  staff,  especially  for  the  study  of  historical  and  social  pedi^^gy,  the 
establishment  of  special  fellowships  for  educational  research,  a  laboratory 
for  school  anthropometry  and  school  hygiene,  a  great  enlargement  of  the 
educational  museum,  a  ped;^gical  library  like  that  of  the  MusSe  pSda- 
gogique  in  Paris,  where  educational  literature  of  every  kind,  both  good 
and  bad,  may  be  collected ;  and,  finally,  a  model  school  for  the  objectifi- 
cation  of  ideals,  under  the  direction  of  competent  teachers  who  should 
safeguard  the  interests  of  the  pupils,  but  offer  to  university  students  op- 
portunities for  observation,  and  in  some  cases  for  practice  in  school  work. 
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The  aim  of  such  a  course  in  pedi^ogy,  like  that  of  the  more  limited 
course  already  given  in  this  University,  would  be  twofold  :  first,  to  con- 
tribute something  to  the  body  of  knowledge  in  regard  to  education,  the 
content  of  pedagogy ;  and,  second,  to  give  practical  training  to  students 
preparing  to  become  teachers.  These  two  aims  are  quite  in  harmony, 
for  an  essential  in  the  training  of  a  teacher  is  the  development  of  those 
permanent  professional  interests  and  that  professional  apperception  and 
prevision  acquired  hy  the  study  of  the  more  scientific  parts  of  pedagogy. 
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In  additdon  to  my  own  work  in  peychology  Eind  education,  reported 
in  the  preceding  articles  by  my  coUeagnea,  Di-s.  Sanfotd  and  BumhaoL, 
and  in  editing  the  Atnerioan  Journal  of  Payckology  and  the  Pedagogic 
Seminary f  I  have  lectured  during  the  last  eight  years  on  the  History  of 
Philosophy.  This  course  is  felt  to  be  of  cardinal  importance  for  those 
studying  either  psychology  or  education,  to  give  them  breadth  of  view, 
to  teach  what  great  problems  have  interested  the  race,  and  to  give  a 
repertory  of  general  ideas  that  will  obviate  some  of  the  dangers  of 
specialization. 

The  course  begins  with  a  very  brief  survey  of  Oriental  speculation, 
treats  the  pre-Socratic  Greek  thinkers  with  considerable  detail  and  with 
constant  reference  to  their  fragmentary  texts.  Great  stress  is  laid  upon 
Plato,  and  from  a  quarter  to  half  of  aU  his  works  are  read  aloud  by  the 
students  in  turn  from  Jowett'a  translation,  and  on  these  dialogues  the 
examination  for  the  doctorate  is  in  some  part  based.  Even  for  those 
who  read  some  Greek,  the  use  of  the  English  translation  is  preferred, 
because  more  can  be  gained  from  Plato  by  men  of  this  grade  by  extensive 
reading  than  by  intensive  and  critical  study  of  text.  Discussions  often 
arise  in  this  work.  Aristotle  is  treated  in  the  same  manner,  and  selec- 
tions and  sometimes  large  portions  of  some  of  his  works  are  read  in 
English.  From  twelve  to  twenty  lectures  are  given  on  the  later  schools, 
ending  with  Plotenus  and  Proclus.  This  usually  concludes  the  work  of 
the  first  year. 

Until  two  years  ago  the  second  year  began  with  the  rise  of  scholasti- 
cism and  the  third  ended  with  Schopenhauer,  Lotze,  Hartmann,  and  con- 
temporary writers.  Special  effort  has  always  been  made  to  go  considerably 
outside  the  stock  text-book  field  and  to  deal  to  some  extent  with  the 
history  of  science,  with  some  reference  to  medicine  and  with  very  slight 
reference  to  literature,  art,  ete.     The  tests  of  Spiaoza,  Locke,  Berkeley, 
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Hume,  Kant,  Fichte,  Sdielling,  HegeU  Schopenhauer,  and  Lotze  have 
been  used  at  different  times  and  with  very  different  results.  Ethics, 
logic,  metaphysics,  and  Gesthetics  are  included  in  this  course,  and  no 
special  courses  in  any  of  these  subjects  have  been  given,  although  logical 
and  ethical  questions  are  treated  in  my  psychological  course.  Considera- 
ble time  is  always  given  to  epiatemology. 

Two  years  ^o,  after  considerable  previous  preparation,  a  course  in 
Christology  and  Patristics  was  inserted  between  the  ancient  and  the  mod- 
em coiiTse  as  above  described.  The  life  of  Jesus  was  treated  concisely 
and  reverently  from  the  standpoint  of  psychology,  which  is  felt  to  be  very 
different  from  that  of  the  current  lives  of  Jeans.  This  course,  although 
at  present  being  repeated  with  amplification,  is  still  too  incomplete  to 
warrant  any  final  report  upon  its  utility.  On  the  whole  this  historic 
course,  which  oocupies  three  years,  is  earnestly  recommended  to  all  stu- 
dents of  psychology,  religion,  educatitm,  or  any  of  the  honumities,  and 
has  generally  been  taken  by  all. 

During  the  past  eight  years  I  have  opened  my  house  one  evening 
every  week  of  the  academic  year  to  all  students  in  the  department  of 
psychology  and  related  themes  from  seven  to  ten  o'clock.  We  began 
by  disoussii^  philosophical  topics  assigned  beforehimd  to  leaders  in  turn. 
One  year  most  of  the  time  of  this  seminary  was  devoted  to  reading 
and  disonssii^  Jowett's  Plato.'  Schopenhauer,  Kant,  and  Hegel  were 
tried  for  briefer  periods,  but  gradually,  as  the  numbers  have  increased 
and  as  the  rule  that  each  man  should  devote  a  portion  of  his  time  to  some 
original  investigatiou  has  prevailed,  the  evening  has  been  occupied  by 
each  student  in  turn,  who  presents  his  thesis  or  subject,  or  a  part  of  it, 
which  is  then  freely  discussed  by  the  other  membere.  The  debates  are 
often  animated,  as  nearly  every  standpoint  is  represented.  There  are 
clergymen,  young  professors  from  other  institutions,  Hegelian  idealists, 
Kfuitian  epistemologists,  and  men  of  empirical  science,  and  from  these 
various  directions  nearly  every  subject  is  really  illuminated.  Attendance 
is  never  enforced,  and  the  light  refreshments  served  in  the  middle  of  the 
evening  have  never  been  an  attraction,  but  only  a  welcome  break  from 
continued  tension.     The  attendance  for  the  last  few  years  has  rarely  been 

1  Bee  a  somBwhat  dlsgnised  aocount  of  the  flnt  semester's  work  la  two  articles  by  H. 
Anjstlii  Alkliu,  entitled  "  From  the  Repotta  of  the  FUto  Clab."  A&aiOte  Monthly,  Sept. 
ftnd  Oct.,  189^  Vol.  74,  -p^  a6»-3e8,  470-480. 
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TmdeT  fifteen  and  rarelj  over  forty,  so  that  the  entire  freedom  and  infor- 
mality of  coavereation  has  been  the  rule.  The  themes  assigned  in  a  way 
deecribed  later  have  been  presented  here  in  so  compact  and  forcible  a 
way,  that  the  seminary  haa  been  one  of  the  most  efiective  agents  in  my 
own  education,  and  I  think  all  its  members  share  my  sentiments  in  this 
respect.  Here  the  new  work  on  which  each  individual  ia  spending  so 
much  of  his  year's  time  is  pooled  for  the  common  benefit,  the  reader  haa 
the  healthful  stimulus  of  emulation  in  intereeting  his  audience,  acquires 
valuable  practice  in  the  methods  of  effectiTe  presentation,  and  always 
receives  help  in  tiie  way  of  new  literatore,  references,  the  pointing  out 
of  defects  in  argument  or  method ;  and  conflicts  are  thus  moat  sorely 
avoided.  Often  other  professors  from  the  University  attend,  and  the  list 
of  distingoished  guests  from  abroad  who  have  either  participated  in  the 
discussions  or  introduced  matter  of  their  own  is  a  long  and  dignified  one. 
There  is  rarely  any  lack  of  interest  or  reluctance  to  discuss,  and  very 
infrequently  is  the  animation  too  great  for  healthful  mental  circulation. 
Here  nearly  everythii^  that  has  been  done  by  the  student  members  of 
this  department  of  the  University  has  been  carefully  wroi^ht  over,  some 
of  it  more  tiian  once. 

Such  stimulus  I  believe  to  be  nnsnrpaeaed  in  educational  value.  The 
dialectic  give  and  take  of  the  conversational  method,  the  mental  alertness 
of  debate,  the  charm  of  friendly  intercourse  upon  high  themes,  which 
Lotze,  like  some  of  the  ancients,  thoi^ht  the  highest  joy  of  life  and  the 
consummate  fruition  of  friendship,  are  here  combined  in  judicious  propor- 
tions most  favorable  to  growth.  Some  European  seminaries  are  devoted 
to  discusstons  of  minute  points ;  in  others  the  student  is  simply  a  literary 
forager  for  the  professors ;  quite  frequently  some  author  is  read ;  but  for 
our  American  needs,  at  least  for  Clark  University,  I  think  the  method 
now  settled  upon  is  more  educative  than  any  other  that  I  have  seen. 

A  word  should  be  said  concerning  student  lectures.  At  various 
periods  durii^  the  decade  each  member  of  the  department  has  been 
requested  to  take  hia  turn  in  presentii^  some  subject  in  due  form  before 
the  class,  taking  my  place  at  the  lecturer's  desk,  and  developing  his  tiieme 
with  the  aid  of  charta,  blackboard,  and  specimens  if  need  be ;  and  at 
ihe  close  of  the  lecture  I  have  a  personal  interview,  etatii^  very  frankly 
any  faults  of  manner,  automatism,  voice,  method  of  presentation,  etc., 
liable  to  interfere  with  his  usefulness  as  instructor  or  lecturer.     More 
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often,  in  place  of  an  original  lecture,  each  man  takes  his  torn  in  digeetii^ 
with  extracts  some  book  or  chapter  of  a  standard  work  in  the  history 
of  philosophy,  with  the  same  criticisms.  This  personal  relation  together 
with  the  many  hours  spent  each  week  with  individuals,  elsewhere  spoken 
of,  has  been,  I  believe,  of  great  value. 

At  tiie  beginning  of  the  year  (or,  for  tliose  who  have  already  spent  a 
year  at  the  University,  near  the  close  of  the  spring  term)  careful  lists  of 
subjects  which  seem  to  the  instructors  in  the  department  ripe  for  investi- 
gation are  prepared.  Each  jots  down  all  suggestions  in  this  direction 
during  the  year,  and  all  now  meet  to  compare  themes,  consider  whether 
they  have  already  been  treated,  what  new  books  and  apparatus  each  will 
necessitate,  by  what  paths  each  can  best  be  approached  and  which  are 
likely  to  yield  the  best  and  (what  for  thesis  work  is  of  great  impor- 
tance) the  most  certain  results  of  value.  Conferences  with  each  indi- 
vidual are  then  held  and  each  is  ui^ed  to  select  some  theme,  either 
because  it  is  congenial  or  because  it  represents  a  field  he  desires  to  enter, 
and  to  devote  some  considerable  portion  of  the  year  to  the  effort  to 
master  it  and  to  add  something  new,  however  small,  to  the  sum  of  the 
world's  knowledge. 

A  really  good  subject  has  aspects  or  divisions  that  bring  the  student 
into  contact  with  each  professor  La  the  department,  and  each  gives 
everything  in  the  way  of  information,  stimulus,  and  references  that  he 
possibly  can.  Our  plan  has  always  been  to  allow  the  student  to  print 
such  work  over  his  own  name  and  to  have  full  credit,  although  he  usually 
makes  acknowledgements  at  the  close  of  his  paper  to  his  helpers.  This 
plan  we  have  found  very  congenial  and  stimulating  to  students,  and  it 
has  avoided  all  questions  of  ownership  rights  in  intellectual  property. 
Again,  a  good  subject  must  be  midway  between  a  very  lai^  and  general 
and  a  very  minutely  special  standpoint.  The  stadent  must  not  waste  his 
energy  in  vague  generalities  on  the  one  hand^  nor  must  he  be  shut  up  to 
some  petty  problem,  perhaps  fitting  into  and  aiding  the  professor's  special 
work,  being  thus  unduly  subordinated  and  apprenticed  to  him,  as  is  so 
conunon  in  Germany.  Fitting  the  problem  to  the  man  so  that  it  will 
enlist  all  his  interest  and  focus  his  knowledge  and  efEort  is  half  the  work. 

In  begLuning  more  or  less  independent  research  like  this,  our  best 
college  graduates  are  often  in  a  sense  suddenly  reduced  back  to  infancy 
and  need  constant  individual  help  to  go  alone.     For  the  laat  ten  years 
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most  of  several  aftemoons  a  week  of  my  own  time  has  been  given  in  the 
laboratory,  library,  and  conference  room  in  trying  to  assist  and  direct 
young  men  to  launch  out  in  some  modest  yet  effective  way,  as  becomes 
them,  on  the  great  life  of  discovery.  Some,  often  the  best  scholars,  are 
so  tied  to  authority  tiiat  it  is  hard  for  them  to  be  brought  to  realize  that 
the  best  things  have  neither  been  done  nor  sud  in  the  world,  and  that 
mastery  of  the  text-book  is  not  final.  Others  are  strongly  inclined  to 
repeat  experiments,  multiply  observations,  and  accumulate  numbers,  and 
find  it  hard  to  make  a  serious  study  of  the  real  significance  of  their 
data.  Some  approach  subjects  with  preconceived  ideas  and  speculate 
in  a  deductive  way,  abhorring  details  which  others  get  lost  in.  Every 
type  of  philosophical  opinion  and  every  shade  of  temperament,  every  de- 
gree of  intellectual  enterprise  at  almost  every  rate  of  progress,  is  repre- 
sented. Some  are  strong  in  the  literary,  historical,  and  antiquarian  side 
of  their  topic ;  otiiers  in  its  experimental  technique  or  in  statistical  pres- 
entation and  tabulation  or  in  literary  form ;  some  at  once  tend  to  lose 
themselves  in  aspects  of  the  subject  that  are  so  lai^  that,  instead  of  com- 
ing to  a  conclusion  in  an  academic  year,  they  begin  to  anxiously  plan  a 
life  work  and  anticipate  remote  difBoulties;  while  others  can  see  abso- 
lutely nothing  in  topics  of  great  range  and  significance  exc^t  some  over 
elaborately  fortified  or  proven  fact. 

This  form  of  modem  university  work  is  a  new  kind  of  high  Socratic 
midwifery,  but  in  my  opinion  it  is  the  most  beneficial  of  all  the  points 
of  contact  between  professor  and  student.  Some  must  be  encouraged ; 
others  must  be  roundly  scolded.  Some  would  devote  all  their  time  to  an 
interesting  work  of  this  kind,  while  others  dawdle  with  it  as  a  mere  side 
issue  of  doubtful  educational  value.  A  few  do  not  want  it,  but  are  con- 
tented with  receptivity  of  what  others  have  done.  Restless  ones  often 
seek  change  of  theme,  so  that  great  discretion  and  great  patience  are 
needed  in  this  work. 

Its  rewards,  however,  are  incomparably  great.  Having  once  discov- 
ered a  fact  or  made  ever  so  small  an  original  contribution  and  had  the 
baptism  of  printer's  ink,  the  novitiate  is  henceforth  a  changed  man.  His 
ideals  of  culture,  standards  of  attainment  and  excellence,  and  his  methods 
of  work  are  slowly  revolutionized  from  this  centre.  Instead  of  being  a 
passive  recipient,  his  mind  has  tasted  a  free  and  creative  activity  which 
puts  him  on  his  mettle  like  the  first  taste  of  blood  to  a  young  tiger.  He 
has  learned  that  achievement  and  not  possession  is  the  end  and  aim ;  his 
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mind  has  been  bronght  to  a  foons  in  such  a  way  that  he  now  knows  what 
real  concentration  means  as  never  before.  He  realizes  that  ahnost  ererj 
subject  in  the  universe,  if  broadly  seen,  is  oonneeted  with  every  other,  and 
that  the  cosmos,  like  his  own  mind,  is  knit  together  into  a  onity  of  a 
higher  order.  In  all  his  works  and  ways  he  is  more  independent  and  more 
inclined  to  seek,  do,  know,  and  experience  for  himself.  By  such  personal 
conference  with  individuals  at  all  stages  of  their  preparation  in  such  a 
work,  which  need  not  be  a  doctor's  dissertation  and  often  is  not,  I  am  con- 
vinced, after  a  decade  of  ezperieooe  here  and  some  years  of  the  same  work 
at  the  Johns  Hopkins,  that  this  is  the  highest  criterion  of  an  academic 
teacher's  real  efficiency  in  his  vocation,  and  that  it  is  as  much  above  the 
mass  teachii^  of  the  lectore-room  as  talent  is  above  mere  learning.  The 
necessity  of  this  work  is  one  of  the  chief  reasons  why  truly  university 
work  must  always  be  done,  if  not  at  small  institutions,  at  least  in  squads 
so  small  that  they  can  be  thus  individualized. 

Having  brought  this  work  to  some  degree  of  completion,  as  should  be 
done  at  the  close  of  each  academic  year,  even  at  some  sacrifice  of  scientifio 
quality  (because  educational  values  should  take  precedence  even  over 
this,  where  the  two  conflict),  an  indiq>en8able  requisite  is  publicity  and 
that  without  delay.  Any  institutloQ  or  department  that  confers  a  doc- 
torate upon  the  ground  of  a  dissertation  tiiat  is  unpablifihed  conceals  that 
upon  which  the  chief  value  of  the  degree  rests.  The  older  the  student 
the  more  stress  should  be  laid  upon  this  part  of  the  work  as  compared 
with  acquisition.  In  most  departments,  soieuoe  is  pr<^reBmng  so  rapidly 
and  work  is  so  often  du^cated  that  the  necessity  of  announcing  before- 
hand the  tiieme  of  each  research  has  often  been  urged,  and  any  con- 
siderable interval  between  the  completion  of  a  work  and  its  publication 
involves  danger  of  anticipation  by  others,  as  well  as  general  loss  of  value 
from  the  progress  of  science,  which  is  always  slowly  leaving  everything 
behind.  Chiefly  to  avoid  this  danger  the  journals  of  this  University 
were  established,  in  which,  without  the  cost  to  the  students  geuendly 
insisted  upon  elsewhere  and  with  the  advantage  of  a  more  or  less  extended 
international  circulation  among  experto,  everything  can  be  speedily 
brought  to  the  knowledge  of  those  most  interested  and  competent.  To 
know  that  results  wiU  thus  appear  without  delay  is  itself  a  real  stimulus, 
and  it  is  fortunate  that  evaluation  of  such  work  is  coming  to  be  a  more 
and  more  prominent  factor  in  determining  appointments  to  university 
positions.     The  quality  of  mind  which  makes  success  here  is  infinitely 
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more  inBpiring  to  students,  eren  of  lower  grades,  than  the  rehearsal  of 
second-hand  knowledge  perhaps  many  removes  from  its  source.  Very 
much  might  be  said  upon  the  effect  of  research  as  a  Htimnlant  to  the 
teacher,  while,  from  still  another  point  of  view,  the  fact  that  the  instmo- 
tor  has  entered  the  great  arena  and  submitted  his  produotions  to  the 
oritioal  estimate  of  experts,  gives  his  pupils  confidence  in  him  as  an 
anthority  and  not  a  mere  echo.  The  provision  of  a  sufficient  number 
of  reprints  for  oircnlation  among  special  journals  that  will  notice  each 
work,  and  for  exdiange  with  other  productive  workers  or  departments,  is 
another  one  of  the  new  university  problems  unknown  to  the  college,  to 
the  fuller  exploitation  of  which  the  new  journal  hare  contemplated  and 
elsewhere  spoken  of  will  be  devoted. 

Great  importance  has  always  been  attached  here  to  the  methods  of 
bringing  students  into  immediate  and  personal  contact  with  the  latest 
literature,  especially  upon  the  topics  of  their  theses  or  those  related  to  the 
original  researches  upon  which  they  may  be  engaged.  The  exchanges  of 
the  joumaLs  constitute  a  carefully  selected  list  of  nearly  three  score  peri- 
odicals, all  of  which,  besides  those  regularly  subscribed  far  by  the  library, 
are  immediately  available.  Besides  these  the  journals  receive  a  large 
number  of  tha  most  important  books  and  pamphlets  within  their  field, 
especially  from  American,  English,  French,  and  German  houses.  These 
works  together  with  the  smaller  resources  of  my  own  library,  which 
mainly  snpplements  that  of  the  University,  are  at  the  disposal  of  students, 
who  are  often  encouraged  to  write  brief  book  notices  for  publication. 
The  frequent  personal  conferences  with  each  student  in  the  department 
keeps  the  instructor's  mind  alert  to  find  out  and  bring  to  the  immediate 
notice  of  each  anything  bearing  upon  his  theme.  Meetings  are  occasion- 
ally held  in  my  library,  where  I  spend  the  evening  going  through  my 
shelves,  taking  out  the  books  that  I  deem  most  important  and  that  have 
helped  me  most,  briefly  characterizing  each,  and  passing  it  around  for 
actual  inspection.  If  I  had  at  my  disposal  an  hour's  time  of  a  dozen  of  t^e 
most  eminent  men  to  utilize  in  such  a  way  as  would  be  of  greatest  benefit  to 
me,  I  think  I  should  ask  them  to  do  precisely  this,  for  they  would  thus  be 
giving  me  to  some  extent  a  key  to  their  own  intellectual  activity  and 
direction.  Where  this  method  is  extended  to  monographs  and  pamphlet 
publications,  the  collection  of  which  our  system  of  exchanging  theses 
promisee  to  greatly  enrich,  its  value  is  still  greater  for  special  students. 
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Creuetic  -pByehology,  which  one  aub-deportment  of  this  Univeraity  so 
conspiouoDsly  represeuta,  is  far  larger  than  the  child-study  of  mothers' 
clubs  or  teachers'  associatioua.  It  is  simply  the  entrance  of  Darwinism 
into  the  field  of  mind.  Underneath  it  lies  the  great  transforming  concep- 
tion that  the  aoul  is  aa  complex,  as  old,  and  as  gradually  unfolded  as  the 
body,  and  like  it  most  be  studied  comparatively  in  view  of  all  that  the 
psychic  life  of  the  lower  or  even  the  lowest  oi^anisma  can  teach  us. 
The  new  methods  oross-seotion  the  old  classification  methods  which  make 
memory,  will,  perception,  im^tnation,  etc.,  so  many  faculties,  and  seek  to 
ti'ace  the  origins  of  the  higher  mental  powers  to  their  faintest  begioninga 
near  the  dawn  of  animal  life.  The  most  fundamental  actiTities  are  those 
whose  roots  extend  lowest  down  in  the  scale  of  existence,  and  these  are 
alao  they  that  aend  their  tops  hlgheat.  The  conception  that  mind,  as  we 
know  it  in  consciousness,  haa  been  developed  out  of  aomething  very  difFer- 
ent  that,  like  organic  forms,  tends  to  vary  and  change  indefinitely  is  a 
new  conception  and  is  sore  eventi^lly  to  reconstruct  out  of  new  and  old 
elements  a  far  larger  and  more  adequate  city  of  Man-aoul  with  reformed 
administrative,  educational,  religious,  and  other  functions.  This  move- 
ment appears  in  biology  in  the  tendency  to  stndy  psychic  phenomena  in 
the  most  rudimentary  and  microcosmio  organisms.  It  appears  again  in 
the  new  and  careful  studies  of  instinct  in  tiie  higher  animals,  where  con- 
ditione  can  be  varied  and  educational  experiments  conducted  with  great 
precaution  and  detail.  Another  root  of  the  genetic  movement  is  in  the 
anthropology  of  myth,  custom  and  belief  among  primitive  and  savage 
peoples ;  another  in  the  atudiea  of  degenerative  types  among  the  defective 
classes,  where  decay  has  inverted  the  evoltftionary  order. 

It  is  on  this  foundaldon  that  the  child-study  movement  rests,  and  its 
i^mftT^ing  development  cannot  be  adequately  explained  without  a  due  ap- 
preciation of  this  wider  field.  The  minute  observation  and  annotation, 
the  measuring  and  weighing  of  a  single  child,  or  the  collective  study  of 
one  topic  upon  the  basis  of  returns  from  very  lai^e  numbers  of  children 
with  the  help  of  questionnaires,  anthropometric  work  with  its  carefully 
wrought  out  averages,  —  all  this  appeals  to  the  instinctive  love  of  children ; 
out  of  it  has  grown  the  new  conception  of  childhood  as  the  moat  generic 
period  of  life,  wherein  the  limitations  of  individuality  are  not  yet  so  pain- 
fully apparent  as  in  adults,  and  it  haa  given  us  new  conceptions  concern- 
ing the  nature  of  genius,  the  laws  of  growth,  the  origin  of  fear,  anger, 
love,  the  conditions  of  health,  the  nascent  periods  of  maximal  interest  in 
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apecial  lines  and  topics,  nstil  at  last  education  seems  likely  to  hare  under 
it  a  far  more  solid  and  scientific  foundation  tlian  it  has  ever  yet  attained. 
While  this  subject  has  as  yet  occupied  but  a  slight  and  recent  portion  of 
oar  curriculum,  so  much  has  already  been  accomplished  as  to  warrant  the 
very  fairest  hopes  for  the  future.  Among  the  first  results  likely  to  he 
witnessed  are  the  gradual  transformation  of  the  methods  of  teaching  and 
of  investigating  the  problems  of  the  special  philosophical  disciplines  some- 
what analogous  to  the  tamsformation  of  anatomy  and  morpholt^y  under 
ihe  influence  of  embryol<^7'.  How  far  this  movement  will  extend  among 
the  other  oniTersity  studies,  and  whether  with  or  without  any  new  coor- 
dination of  the  successive  stt^pes  of  individual  growth  with  the  historic 
development  of  different  philosophical  systems  as  first  presented  by  Hegel, 
it  is  impossible  to  foretell. 
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Bt  LoniB  N.  Wilson,  Libbaruh. 

Fboh  the  fooudatiou  of  the  University  the  library  hoa  been  consid- 
OTed  an  important  factor  and  has  received  a  great  deal  of  attention 
from  the  Founder,  Preeident,  and  Faculty.  Immediately  upon  his  ap- 
pointment, the  President  requested  each  member  of  the  University  to 
draw  op  a  list  of  books  in  his  special  field,  laying  purtioular  stress  upon 
important  serials  and  special  monographs.  These  lists  were  carefuUy 
collated,  duplicates  weeded  out,  and  arranged  in  order  for  purchase. 
The  total  number  of  items  amounted  in  June,  1889,  to  upward  of  fifteen 
thousand,  a  very  large  proportion  being  books  and  journals  in  foreign 
languages.  In  order  to  secure  for  the  University  the  best  possible  rates, 
lists  of  standard  works,  both  in  sets  and  single  volumes,  were  submitted 
for  competition  to  a  number  of  well-known  booksellers  both  in  this 
country  and  in  Europe.  This  necessitated  some  delay,  but  it  was  fully 
warranted  by  the  resultant  saving  in  cost. 

To  illustrate  this  point,  the  figures  submitted  by  five  firms  for  an 
identical  list  of  742  items  are  given  here,  viz.:  $1806.80,  91810.90, 
91971.86,  92038.89,  92166.41,  showing  a  maximum  difference  of  9360.11. 

After  carefully  comparing  all  the  lists  sent  in,  and  taking  into  con- 
sideration the  condition  of  the  books  offered,  orders  were  placed  with 
firms  in  New  York,  Boston,  London,  Paris,  Berlin,  Leipz^,  and  Vienna. 

During  the  past  few  years,  owing  to  our  very  peculiar  and  constantly 
changing  customs  and  postal  regulations,  it  has  become  more  and  more 
desirable  to  import  from  Europe  throi^h  some  responsible  bookseller  in 
this  country,  in  order  to  avoid  the  frequent  and  often  vexatious  annoy- 
ances consequent  upon  individual  importations.  Having  decided  upon 
a  particular  bookseUer,  orders  were  freely  placed  with  the  understanding 
that  the  library  should  receive  the  lowest  possible  rates  consistent  with 
good  service,  and  from  time  to  time  lists  were  sent  to  other  firms  in  order 
to  be  assured  that  the  agreement  was  faithfully  carried  out.     A  recent 
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test  of  this  kind  showed  the  following  quotations  for  thirty-five  volumes, 
9106.26,  9107.67,  9120.00.  In  general,  the  plan  has  worked  exceedingly 
well. 

Durii^  the  summer  of  1889,  while  these  orders  were  being  executed, 
Mr.  Clark  placed  the  first  books  in  the  library  by  donating  about  thirty- 
two  hundred  volumes.  A  large  proportion  of  these,  on  history,  biogra- 
phy and  travel,  were  given  with  the  original  bookcases  as  they  had 
stood  in  his  own  private  library.  Another  part  of  the  collection  con- 
sisted of  the  following  sets  of  bound  periodicals,  almost  all  complete 
down  to  die  end  of  1883  :  Atlantic  Monthly,  Blachwood't  Magazine,  Oen- 
tu/ry  Ma^anne,  Oomhill  Magazine,  Edinburgh  Review,  FortnAgkUy  Revise, 
Q-entteman*$  Magazine,  Harper  »  Magazine,  lAttelVi  lAmng  Age,  Macmillan't 
Magazine,  North  American  Review,  North  British  Review,  Notei  and 
Queries,  Popular  Science  Monthly,  Putnam's  Magazine,  Quarterly  Review, 
and  Scribner's  Monthly,  also  a  set  of  the  Report  on  the  Scientific  Results 
of  the  Voyage  of  H.  M.  S.  Challenger,  during  the  years  1872-76.  Yet  a 
third  part  consisted  of  a  large  number  of  rare  old  books,  some  of  which 
are  fine  examples  of  early  printing  when  there  was  no  title-page,  no 
pagination,  date,  or  printer's  name,  and  where  the  initial  letters  were 
omitted  to  be  inserted  later  by  hand.  Of  these  fine  old  volumes,  the 
following  are  mentioned  as  examples:  — 

FauIuB  de  Sanota  I£aria  Scrutiniuin  scripturanun.    Probably  the  oldest  book 

in  om  libraiy,  with  no   title-page,  colophon,  pagination,   ot  signatures. 

Bubricated  throughout. 
Rationale  divinonmi  of&ciorum.     Supposed  to  have  been  printed  at  Baele  in 

1474-76. 
Afltexanis  Sums.  Libri  VIII.,  de  preceptis,  de  virtutibuB  et  vioiis;  de  sacra- 

mentis  de  sacro  peuitentie,  de  sacramento  ordimB,  de  excommumcatione ;  de 

matrimonio.    Venetlia,  1478. 
Koberti  Gaiaczoli  de  Licio  de   timore  divinorum   jndiciormn  ac  de  morta 

Xnremberge,  1479. 
Albert!  de  Fadua  expoeitio  Evangelionun  dominicalium  totiua  anni  et  ooncot- 

dancia  quatuoi  evangelistarum  in  passionem  dominioam  a  Nicolao  Vinckel- 

apickel.     TJlm,  1480. 
Sancti  Thome  de  Aquino  ordiuis  predicatorom  super  quarto  libio  sententiarum 

preclarum  opus.    Venetiis,  1481. 
Liber  moralitatum  elegantissimus  magnanun  rerum  natnralium  lumen  anime 

dictus.     14S2. 
Sancti  Hierooimi  Vitee  Patrum  Sanctorum  Egiptiorum.    IfUrnberg  (Kobuigflr) 

1483. 
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Blondi    Flavii   luBtoiianmi   ab  inclinatioDe   Bomanoium   Imperii,    llbri    XI. 

Yenetiis  per  OctaviaDum  Scotum.    1483. 
JohaniuA  de  Turreoremata  questdonum  digaissimamm  com  eolutionibus  earum- 

den,  etc.    Davtuitriffi,  1484    A  woik  of  the  celebrated  Spaniab  Dominican 

Juan  de  Torquemada. 
Legende  de  sancti  composte  per  Jacobo  de  Yoragine.    Venetia,  1484. 
An  old  Gierman  almanac  beautifully  printed  in  red  and  black  and  pasted  on 

one  of  the  covers  of  Hieronimi  Vitce  Patrwm.    It  runs  from  1486  to  1579, 

and  was  probably  printed  at  the  earlier  date, 
gumma  Bainerij  de  Pisia.    Venetiis,  1486. 
liber  Cronioarum  cum  figoria  et  ImagLnibua  ab  initio  mandi  usque  nunc  tem- 

poris  ImpiesBum  ao  finitum  in  Tlgilia  purificationis  Marie  in  imperiali 

urbe  Augusta  a  Johanne  Schensperger.    Anno  ab  incamatdone  domini  1497. 

The  so-called  Jiitremberg    Chronicle,    vith   numerous   woodcuts   by  Wolge- 

muth,  the  master  of  Albrecht  DUrer. 
Sennones  Fomerii  de  Tempore  Hyemales  et  Estivales  et  sermones  qaadragesi- 

males  per  Helbartum  de  Themeswar.     Hagenav,  1602.     With  rubricated 

initials. 
Paoli  Jovii  elogia  Tiroram  bellica  vixtute  illustrium  veris  imaginibus  supposita, 

quae  apud  Musieum  spectantur.    Florentiee,  1661. 
Bamusio,  Frimo  volume,  &  Terza  edizione  delle  nav^tioni  et  vii^^.    Yene- 

tia,  Oiunti,  1663.    The  first  volume  of  Bamusio's  well-known  collection  of 

voyages  and  travels,  coutaining  among  other  things  Figafetta's  1<^  during 

the  first  voy(^  around  the  world  under  Magalhaes. 
Missale  Bomanum,  ex  Decreto  Sacrosancti  ConcUii  Tridentini  restatutum,  Fii  Y. 

Pont.  Max.  jussu  editum.    Yenetiis,  apud  Juntas,  1602. 
The  Bible :  that  is  the  Holy  Scriptures  contained  in  the  Old  and  Kew  Testa- 
ment.   London,  1610.    A  copy  of  the  so-called  Breeches  Bible. 
Missale  Romanum,  ex  Decreto  Sacrosancti  concilii  Tridentini  reetitutom,  Fii  Y. 

Font  Max.  jussu  editum  et  Clementis  YIII.  auotoritate  recognitum.     Ingol. 

stadii,  1610. 
Montanus  (Amoldus)  De  Nieuwe  en  Onbekende  Weereld  of  Beschryving  van 

America.    Amsterdam,  1671.     An  old  description  of  America  in  Dutch. 
Esquemeling  (John)  and  Blngrose  (Basil),  History  of  the  Bucaniers  of  America. 

London,  1696.    Esquemeling,  who  spent  many  years  at  Tortuga,  gives  here 

a  very  graphic  account  of  the  buccaneers. 
Armenian  Bible.     Yenice,  1806.    Fleeing  from  the  persecution  of  their  ortho- 
dox brethren,  the  Catholic  Armenians  of  the  mechitaristic  order  established 

themselves  at  the  island  of  Sau  Lazzaro,  granted  them  by  the  Bepublic  of 

Yenice.    Many  a  learned  volume  issued  from  their  press,  of  which  this  is 


New  Testament  in  Lettish  language.     Mltau,  1816. 

Select  Fables ;  with  cuts,  designed  and  engraved  by  Thomas  and  John  Bewick, 
previous  to  the  year  1784;  together  with  a  Memoir  and  a  descriptive  cat»> 
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logob  of  the  works  of  Mesers.  Bewick.     Newcastle,  1820.    Thomu  Bewick 
is  considered  the  restorer  of  wood  engraving  in  England. 
Cookson   (Mrs.  James).    Flowers  drawn  and  painted  after  natnre  in  India. 
1831. 

In  addition  to  a  number  of  books  presented  to  the  library  by  Presi- 
dent Hall,  we  are  indebted  for  gifts  to  the  following  citizens  of  Worces- 
ter :  Hon.  Geoi^  P.  Hoar,  Mr.  Henry  J.  Howland,  Hon.  Henry  L. 
Parker,  Mr.  Samuel  H.  Putnam,^  the  late  Hon.  W.  W.  Rioe,  Hon. 
Stephen  Salisbury,  Hon.  John  D.  Washburn,  and  Hon.  John  E.  Busaell 
of  Leicester. 

To  receive  the  books  temporary  wooden  stacks  were  erected  in  the 
main  library  room,  and  so  substantially  were  they  constructed  that  they 
are  still  serviceable.  Solid  oak  shelving  was  put  up  on  both  sides  of  the 
reading-room,  adjoining  the  main  librsjry  room,  with  a  three-foot  pro- 
jecting shelf  three  and  a  half  feet  from  the  floor,  upon  which  the  current 
niunbers  of  periodicals  are  displayed. 

To  the  problem  of  cataloguing  and  classification,  always  a  difBcolt  one, 
both  the  President  and  the  members  of  the  Faculty  gave  a  good  deal  of 
time  and  attention.  It  was  felt  that  the  scheme  of  classification  must  not 
be  too  rigid,  and  that  nothing  should  be  allowed  to  interfere  with  the  free 
use  of  the  books  by  all  members  of  the  University.  The  books  were  first 
carefully  olaasified  upon  the  shelves  by  departments,  and  nuvked  as 
follows :  — 

A.  WoBEs  OF  Qkkxk^i.  BErsBBVCB.  L    FevcHonoaT. 

B.  JotJBNAiA  J.    Philosophy. 

C.  Ha.thbiu.tio8.  K.  Ethics. 

B.  Physics.  "L.   CniMiNOLOaY. 

S.   Chbmistby.  K.  Axtthbopoloot. 

7.    ZoOlooy.  V.  Eddoation. 

0.     FhYSIOLOOY.  0.     BOTAITY. 

H.  Pathology. 

The  various  subdivisions  in  each  deparbnent  may  be  inferred  from 
that  of  the  mathematical  department. 

»A  oopyol  "JtuHnf  AfKorfef  aariatimi  in  Tragi  Ftmpeii  Airtorto*  LOtri  XLim:^ 
Vmiee,  Jtnton.  1470.  Duke  de  Noi^lles' copy  of  the  edit^  pWncgM.  "  Vironm  Illuttrium 
vUaenPlutarchoGracoinLatinuniVtna  Solertiqce,euraemendataif(BHciterexpHci{U." per 
Nicolaum  Jeiutn  Oallieum  Venetiit  Ipnma.  1478,  die.  JI  Januarli.  2  vols.  "The 
Scientifle  Papers  of  James  Clerk  MaiweE"  Edited  by  W.  D.  Niyen,  F.  B.  S.  The  Dnlyer- 
bU;  Pren,  Cambridge,  1890.    S  Tolo. 
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0.  —  Mathematics. 

In  Mathematics,  C,  the  books  are  grouped  in  ten  dlTisioiis,  designated 
by  the  numerals  1,  2,  8,  4,  5,  6,  T,  8,  9,  0,  immediately  following  the  let- 
ter C  ;  every  division  is  subdivided  into  sections  of  which  each  is  desig- 
nated by  a  second  numeral  following  that  indicatii^  the  division.  The 
cipher,  0,  always  denotes  a  miscellaneouB  division  or  section.  The  math- 
ematical works  are  arranged  on  the  shelves  in  accordance  with  the  fol- 
lowing classification,  the  subdivisions  of  which,  however,  are  not  all  used 
at  present.     The  italicized  part  of  each  title  is  that  printed  on  the  sliding 


0  1.    HiBTOBT  AMD  FhILOSOPBT. 
Gl.  1.  BibliogrofTiy, 
CI.  2.   Siatory. 
Gl.  3.  BioffrajAy. 
G 1.  4.  F^Ooac^. 

0  2.     GOIXBCTIOHS. 

G  2.  1.    Worka,  complete  and  select 
G  2.  2.   Oompetuiia,  Dictionaries. 
C2.  8.  TaHea.    Kwmuto. 

03.  SnBOLISK  AHD  OPKIUllOir. 

Ca  L  aymbolic Methoda. 

G  3.  2.  OpmOioTU. 

0  3.  3.  Mvltiple  .Alg^m  (ref.  C  9), 

C3.  4.  Symbolic  Loffic 

G  3.  0.  MiaeiSmeout  SyvOxila. 

04.  AaiTHHsno. 

C4.  1.  BlemetUary  Arithmetic 
G  4.  2.   Gotitinued  Fradions. 
C4.  3.   Nmnerical  Series. 
G  4.  4.  Finite  Differencet  and  Sum- 


C  4.  6.  Permutations  and  Combina- 
tions. 

C4.  6.  ITobabilUies. 

C4.  7.   "Reory  of  Numben. 
05.  AiOKBBA.    (For  Knltiple  Alge- 
bra see  0  3.  3.) 

C6.  1.  Eletnetdary  Jlg^rra. 

C6.  2.  DeterminantB. 


C  B.  3.  Theory  ofEquaHoM. 
C  6.  4.  SimtdtoMoua  Equations. 
G  6.  6.    Transformatkm. 
C  5.  6.  Invaritmta. 

06.  Invinttxsihal  CAiouLns. 

G  6.  1.  Limits  and  Infinite  Series. 
C  6.  2.  Functions  of  a  Betd  Varia- 

Me. 
0  6.  3.  Difftrmiial  OuIguIus. 
G  6.  4.   Integral  CakuiKS. 
G6.  6.    Total  Diffkiantial  Equatiotu. 
C6.  6.   Partial    DtJbmatiaX    Equa- 

turns. 
G6.  T.  Functions     Derived     from 

Differential      Equations. 

Spherical  Harmonics. 
C6.  8.   CkOeulus  of  Variations. 

07.  Theoby  o»  FtnrcTioNs. 
G  7.  1.   Generai  Theory. 

C  7.  2.  Algebraic  Functions, 

C  T.  3.  E3^)onenliai  and  Trigono- 
metric FimetioTi*. 

C7.  4.  EUiptic  FmtctiORS  and  In- 
t^rals. 

C7.  5.  Hyper^i^ic  and  Abeliaa 
FunOiims  and  Integr^s. 

C7.  6.  Various  Functions  (fuch- 
sienues,  etc.). 

07.  7.  Functions  of  Several  Varioi- 
bles. 
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OB.  Qbomxtbt. 

C  8.  1.  Elementary  Qeometry  and 
Trigonometry. 

G8.  2.  Analysis  Situa. 

C  8.  3.  Anaiytic  Geometry  in  Gen* 
eraL 

C8.  4.  Projective  Qeometry.  Mod- 
em Synthetic  Greomotry. 

C  8.  5.  Special  SyBtems  of  Geomet- 
ric Analysis. 

C  8.  6.   Plane  Loci  in  particulai. 

C  8.  7.  Zoct  in  S  Dimensions  in  pai^ 
ticalar. 

G8.  8.  HyperspKce  and  yon-Eucli- 
dean Geometry. 

C  8.  9.  Applications  of  Geometry. 

As  B  is  the  general  designation 
sively  devoted  to  one  department 
letter  of  the  department  to  which  it 

B  C.    UATHBBUTIGJJ.  pBBIODIOUd. 
BA.  MlSCBlXAHXOUS   PBBIODIOAJ>8. 


C  9.  EZTBH81T8  Alobbba  (ref.  C  3.  S). 
G  9.  1.  C^metrio  BepreaenAtfJon  of 

(he  Imaginary. 
C9.  2.   Quaternions. 
C9.  3.  GeoTnetric    Algebras    (Glif- 

ford). 
C9.  4.  Ayisiehnung^ehre     (Qiass- 

C  9.  5.  Equ-ipoUences  (BellaTitis). 

00.    MlBOBLLANEODS. 

CO.  1.  Apparatus. 

0  0.  2.   Secreationt,  Games,  Pnzzlea, 

etc. 
CO.  9.  Paradoses  and  Paradozera. 

Cirole-equaring,  etc 

of  periodicals,  each  periodioal  ezcla- 
is  designated  by  B,  follonred  by  the 
belongs,  thus : 


Traoflactions  of  learned  societies,  etc. 


So  loi^  as  the  oimiber  of  books  in  any  section  is  very  small,  they  are 
grouped  under  the  di-vision  to  which  that  eeotaon  belongs,  and  are  desig- 
nated only  by  the  number  of  that  di-vision.  All  books  which  refer  to 
several  divisions  are  pliioed  in  the  division  C  2  (collections),  and  all 
books  referring  to  several  sections  of  any  one  division  are  gronped  under 
that  division,  unless  they  refer  but  slightly  to  more  than  one  division  or 
section.  Volumes  of  a  set  are  not  separated,  but  the  whole  set  is  classed 
as  if  it  were  a  single  volume.  Otherwise,  every  book  is  placed  in  the 
narrowest  division  or  section  to  which  it  belongs. 

The  library  has  two  card  catalogues :  — 

I.  An  author's  catalogue  arranged  alphabetically  with  miscellaneous 
and  anonymous  sections,  so  that  nearly  all  books  in  the  library  are 
represented  in  it. 

n.  A  sabject  catalogue  which  is  at  the  same  time  a  shelf  and  an 
inventory  catalogue.  This  is  arranged  as  follows :  Every  volume  and 
every  pamphlet  has  its  card,  so  that  each  card  represents  a  volume. 
All  the  books  are  classified  and  arranged  upon  the  shelves  according  to 
the  departments,  divisions,  and  subdivisions,  but  under  each  subdivision 
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books  are  placed  alphabetically  by  aatbors.  While  each  case,  tier,  and 
shelf  is  permaQently  labelled,  the  demarcation  between  the  subdivisions  is 
made  by  sliding  shelf  label  holders  bearing  the  subject,  division,  and  sub- 
division. These  label  holders  being  movable,  the  subdivisions  can  easily 
be  enlai^d  as  new  books  are  added. 

In  mathematics,  for  instance,  C  1,  history  and  philosophy,  comes  first, 
with  the  first  subdivision,  01,  1,  bibli(^^phy.  First  on  the  top  shelf, 
and  therefore  first  in  the  catalo^e  drawer  set  apart  for  these  tiers, 
comes  bibliography,  beginning  with  authors  in  A,  and  so  on  throagh  the 
alphabet  to  the  end  of  the  subject.  Then  come  history,  biography,  etc., 
on  through  mathematics  and  the  other  departments,  the  order  of  cards 
being  identical  with  the  order  of  the  books  upon  the  shelves,  reading 
down  the  tiera  as  down  a  printed  page. 

In  the  drawers  the  book  cards  are  separated  by  red  cards  projecting 
on  the  right  above  the  others,  and  on  these  projections  the  tier  and  shelf 
divisions  are  marked ;  they  are  also  separated  by  blue  cards  projecting 
above  the  others  on  the  left-hand  side,  on  which  the  subjects  are  marked. 
Whenever  the  position  of  any  book  is  changed,  it  is  only  necessary  to 
make  a  corresponding  change  in  the  position  of  its  card.  The  shelf  posi- 
tion of  each  book  is  marked  in  pencil,  not  upon  these  cards,  but  upon 
each  card  in  the  author's  catalogue,  and  in  tiie  book  itself,  in  order  that  it 
may  be  readily  found  and  replaced. 

New  books,  after  being  entered  in  the  author's  catalogue,  are  kept  in  a 
case  reserved  for  them  for  a  few  weeks  before  being  permanently  placed 
on  the  shelves  and  entered  in  the  inventory  catalogue. 

A  full  list  of  all  serial  publications  taken  by  the  library  is  kept  in  a 
special  drawer  of  the  catalogue  case,  so  that  a  person  unfamiliar  with  the 
library  may  ascerttun,  with  very  little  trouble,  what  periodical  publications 
are  to  be  found  here. 

Worcester  is  fortunate  in  possessing  an  excellent  Public  Library  of 
more  than  120,000  volumes,  and  well  supplied  with  serial  publications. 
In  the  early  years  of  the  University,  it  was  the  hope  of  the  Founder  that 
we  might  confine  our  purchases  to  such  books  and  journals  as  were  not  to 
be  found  in  the  Public  Library,  and  that  the  two  might  supplement  each 
other ;  this  plan  was  largely  carried  out  in  the  earlier  years,  but  later  the 
needs  of  our  students  demonstrated  the  necessity  of  the  duplication  of 
the  more  important  scientific  publications,  though  we  still  depend  upon 
the  Public  Library  for  works  of  a  less  special  character,  and  our  students 
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have  availed  themselves  of  the  libraT7  privil^^  thus  extended  to  Utetn 
to  the  fullest  extent. 

Besides  its  indebtedness  to  the  Worcester  Pnblio  Library  the  Uni- 
versity  is  onder  great  obligations  to  the  following  for  freqaent  loans; 
Library  of  the  Surgeon-General's  Office,  Washington,  D.C. ;  Library  of 
Harvard  University ;  The  City  Library  Association  of  Springfield,  Mass. ; 
Boston  Fublio  Library ;  Public  Library,  Cleveland,  Ohio ;  Trinity  College 
Library  and  Case  Memorial  Library,  of  Hartford,  Conn.;  Library  of  Yale 
University;  Forbes  Library,  Northampton,  Mass.;  Library  of  Vassar 
College ;  and  many  others.  Several  of  these  libraries  have  freely  lest  as 
books  and  volumes  oi  serial  publications,  often  of  the  greatest  importance 
to  those  engaged  in  research  work.  No  library,  however  large,  can  hope 
or  expect  to  be  prepared  to  meet  all  the  calls  upcm  it,  and  a  glance  at 
the  diverse  and  advanced  ehaiaeter  of  the  publications  issoed  from  this 
University  ^  shows  how  varied  and  numerous  are  the  demands  upon  this 
department. 

To  the  Library  of  the  American  Antiquarian  Sooiety  we  are  especially 
indebted  for  the  kindly  spirit  of  cooperation  invariably  shown.  While 
strictly  a  reference  library,  its  officers  have  ever  been  ready  and  willing  to 
make  reasonable  exceptions  in  aid  of  the  cause  of  historioai  and  scientifio 
research. 

The  library  is  a  veritable  laboratory,  and  is  looked  upon  as  a  work- 
room, and  not  as  a  museum  with  contents  too  sacred  to  be  profaned  by 
use.  It  is  a  favorite  meeting-place  for  professors  and  students,  when 
the  heads  of  departments  meet  their  men  to  direct  their  reading  and 
demonstrate  to  them  how  to  make  the  best  use  of  a  well-selected  coUeotion 
of  scientific  books.  The  books  are  readily  accessible  to  every  member  of 
the  University,  and  there  is  no  limit  to  the  number  that  may  be  taken 
out.  Each  one  enters  the  volumes  he  takes  out  upon  a  printed  form  pro- 
vided for  that  purpose  ;  if  not  returned  at  the  end  of  t«n  days,  they  are 
renewed  by  tiie  librarian  for  another  period  of  ten  days,  at  which  time 
they  must  be  returned,  but  may  be  taken  out  again  upon  the  following  day. 

The  library  is  open  to  all  persona  outside  the  University  who  are 
interested  in  any  of  its  lines,  and  its  books  are  freely  lent  to  such  persons, 
who  are  thus  placed  for  the  time  being  upon  the  same  footing  as  mem- 
bers of  the  University ;  and,  while  we  borrow  daring  term  time  an  aver- 
se of  fifty  volumes  a  month,  we  lend  as  freely.  The  library  is  rich  in 
1  B«e  Blbllt^nphy  at  the  end  of  this  volnine. 
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certain  special  lines,  and  la  often  used  by  ezperte  from  otiier  oniTeTsitiest 
state  and  national  inatitntious. 

President  Hall  has  an  exceptionally  fine  private  library,  especially  rioh 
in  pamphlets  and  special  monographs  in  the  various  fields  of  philosophy, 
psychology,  and  education.  Dorii^  these  ten  years  all  students  hare 
been  permitted  to  draw  upon  it  as  freely  as  upon  the  University  library, 
and  the  efficiency  of  this  department  has  been  largely  due  to  Dr.  Hall's 
broad-minded  and  liberal  conception  of  the  function  of  the  printed  vol- 
ume. In  his  various  courses  he  frequently  gives  demonstrations  of  books, 
pointing  out  the  beet  books  in  each  subject,  the  best  to  buy,-  the  best  to 
read,  emphasizing  and  explaining  the  strong  points  in  each,  etc. 

In  spite  of  the  absolute  freedom  of  the  library,  the  loss  of  books  has 
been  surprisingly  small.  Once  a  year  the  books  are  carefully  checked  by 
means  of  the  shelf  cards,  and  in  very  few  years  have  the  losses  amounted 
to  more  than  two  or  three  volumes.  The  missing  volumes  one  year  fre- 
quently turn  up  later,  so  that  a  careful  estimate  recently  made  shows  the 
actual  money  value  of  the  booka  lost  in  ten  years  to  be  less  tJum  fifty 
ddllan. 


Almost  all  who  are  interested  in  libraries  have  ideals  as  to  the  future 
development  of  their  special  fields,  and  the  librarian  has  attempted,  in  the 
course  of  the  past  ten  years,  to  formulate  an  ideal  of  an  university  library. 
He  alone  is  responsible  for  his  views,  and  is  encourH^ed  to  state  them  here 
by  the  fact  that  the  President  and  Faoul^  have  given  him  the  greatest 
freedom  and  their  wannest  support  in  all  matters  pertaining  to  his  de- 
partment. 

The  ideal  library  should  be  housed  in  ita  own  buildii^,  and  not  rele- 
gated to  rooms  in  a  building  constructed  for  other  purposes.  In  con- 
stmcting  snch  a  building,  the  chief  end  in  view  should  be  to  provide 
every  facility  for  the  use  of  books,  and  this  end  should  never  be  sacrificed 
for  architectural  features  or  artistic  purpfwes.  Each  department  in  the 
University  should  have  a  working  library  in  its  own  rooms,  but  whatever 
books  are  placed  in  these  department  libraries  should  be  duplicated  in  the 
main  library.  The  building  should  be  large  enough  to  allow  the  book 
shelves  to  be  arranged  arotmd  the  rooms,  leaving  ths  greatest  amount  of 
open  space  in  the  oentre.     Movable  working  desks,  liberally  supplied  with 
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oonveniencea  for  writing,  and  containing  ample  drawer  apace  for  note-books 
and  papers,  are  much  to  be  preferred  to  the  large  fixed  tables  usually 
found  in  Ubrary  buildings.  The  shelving  should  be  of  the  moat  approved 
modem  type,  insuring  economy  of  space  and  the  proper  care  of  the  books, 
and  the  highest  shelf  within  easy  reach  from  the  floor.  The  rooms  should 
be  provided  with  every  possible  convenience,  including  a  sufficient  num- 
ber of  comfortable  chairs,  with  cozy  nooks  and  comers  inviting  to  a  quiet 
half-hour  vrith  a  hook,  when  one  would  otherwise  be  disinclined  to  read. 
That  the  light  should  be  good,  the  ventilation  absolutely  perfect,  and  the 
attendants  have  but  one  purpose  —  the  service  of  the  readers  —  are  obvi- 
ous essentials. 

In  these  days  of  rapid  multiplication  of  new  libraries  and  enlargement 
of  many  older  ones,  there  is  a  great  demand  for  complete  sets  of  serial 
publications,  and  many  of  the  important  journals  are  growing  rapidly 
scarce  and  difEicult  to  obtain.  It  is,  therefore,  particularly  desirable  in  an 
institution  of  this  character  to  procure,  as  soon  as  possible,  fuU  sets  of  all 
the  serial  publications  in  its  various  departments  and  on  all  allied  subjects, 
and  every  effort  should  be  made,  and  no  expense  spared,  to  procure  all  the 
scientific  contributions  by  specialists  in  the  work  represented  here,  or  in 
departments  likely  to  be  of  service  in  research  work. 

The  current  numbers  of  all  these  publications  should  be  placed  before 
the  members  of  the  Universi^  promptly,  as  it  is  imperative  that  those 
eng^^d  in  original  investigation  be  advised  of  the  latest  bteratiire  on  the 
subject,  or  of  the  work  others  are  doing  along  similar  lines. 

A  most  important  part  of  a  good  library  is  its  catalogue.  The  day 
has  gone  by  when  men  can  afford  to  spend  hours  in  hunting  among  a  mass 
of  books  to  ascertain  what  the  library  possesses  upon  a  given  subject,  or 
to  rely  upon  the  memory  of  the  librarian  and  attendants,  be  they  ever  so 
erudite.  While,  therefore,  the  aim  should  be  to  keep  in  printed  and  card 
form  a  list  of  all  the  books  and  articles  that  have  been  written  upon  a 
given  subject,  nothing  should  he  allovred  to  interfere  vrith  the  prompt 
cataloguing  under  subject  headings  of  everything  that  the  library  pos- 
sesses. Two  questions  always  arise  here,  first,  **  Where  can  I  find  a  list 
of  all  printed  matter  upon  my  subject  ?  "  and  secondly,  "  How  much  of 
that  printed  matter  is  to  be  found  in  this  library  ?  "  A  complete  card 
catalogue  can  be  so  arranged  as  to  answer  perfectly  these  two  questiona. 

In  this,  as  in  every  well-regulated  library,  printed  forms  should  be 
provided  to  encourt^  readers  to  make  suggestions  and  complaints  to  the 
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libraiy  oommittee ;  the  latter,  in  no  case,  to  pass  through  the  hands  of 
the  librarian. 

The  subject  of  binding  is  alwaya  an  important  one,  and  we  feel  very 
keenly  the  need  of  united  action  on  the  part  of  all  the  libraries  of  the  city 
in  this  respect.  A  careful  inquiry  has  developed  the  fact  that  between 
94000  and  95000  is  expended  yearly  by  the  Tarious  institations  in  this 
city  for  this  purpose.  There  are  munistakable  signs  that  the  art  of  book- 
binding, which  has  for  ages  commanded  the  serrices  of  eminent  crafts- 
mcQ,  as  well  as  of  men  and  women  eminent  in  art,  is  receiving  increased 
attention  from  book  lovers  here,  and  the  time  may  not  be  far  distant  when 
this  question  will  be  ti^en  up  by  a  oommittee  representing  the  different 
librariea. 

There  would  seem  to  be  no  reason  also  why  the  various  inatitntiona 
should  not,  in  the  near  future,  devise  a  system  of  cooperation,  as  is  already 
proposed  in  Toronto,  by  means  of  which  the  resources  of  all  the  libraries 
in  the  city  could  be  drawn  upon  by  each. 


.y  Google 


.,  Google 


REPORT  OF  THE  TKBASTTRER 


At  the  first  meetmg  of  the  Tnutees  of  Clark  UniTersity,  May  4, 1887, 
Mr.  Clark  proposed  to  give ;  — 

(1)  "The  sum  of  $300,000  (payable  as  the  same  shall  be  needed)  to  the  Gen- 

etal  Working  or  Construction  Fund  to  be  applied  in  the  erection  of 
buildings  and  equipping  them  with  such  appliances  and  facilities  as 
may  be  deemed  neoessaiy  for  putting  the  University  in  good  vorking 
order." 

(2)  "  The  sum  of  9100,000,  the  income  of  which  shaU  be  devoted  to  the  support 

and  maintenance  of  a  University  Library." 
(8)  "The  sum  of  9600,000,  the  income  of  which  is  to  be  devoted  to  the  graeral 
uses  of  Uie  University  in  its  support  and  man^ement,  and  which 
for  the  sake  d  oonvenienoe  may  be  called  the  University  Endowment 
Fund." 
'*^e  Library  and  the  Endowment  Funds  ate  never  to  be  diminished,  and 
no  part  of  the  principal  is  in  any  event  evex  to  be  applied  to  the  objects 
to  whicdk  the  income  of  each  is  to  be  devoted.  If  by  any  accident  or 
loss,  either  of  said  funds  shall  at  any  time  become  impaired,  then  the 
income  of  each  of  said  funds  shall  be  added  to  the  principal  until  such 
impairment  is  made  good  and  the  funds  restored  to  their  ordinal 
amounts." 

In  addition  to  the  foregoing  gifts,  Mr.  Clark  then  and  subsequently 
conveyed  to  the  Trustees  of  the  University,  real  estate,  the  valuation  of 
which  on  the  books  of  the  assessoia  of  the  city  of  Worcester  is  $136,600. 

In  the  Treasurer's  Annual  Statement  for  the  year  ending  August  81, 
1899,  which  follows,  is  an  account  of  the  Library  and  University  Endow- 
ment Funds. 

The  amounts  expended  for  oonstruction  and  equipment  of  buildings 
under  the  terms  of  Mr.  Clark's  first  proposal  have  been  as  follows :  — 
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CoDBtraction  of  the  Main  University  Building         .        .  9159,780.60 

Gonstruotion  of  the  Chemical  Laboratory        .        .        .  66,131.94 

Equipment  of  the  Main  Btulding 18,480.28 

Equipment  of  the  Chemical  Laboratory  ....  1^801.47 

Apparatus  and  Supplies  .       . 29,082.73 

*278,277.02 
Additional  land  was  piaiohased  l:^  Mr.  Claik  for  the 

UniveTBity  at  an  expense  of $12^233.04 

The  balance  to  make  up  the  proposed  $300,000               .  9,489.94 
was  subsequently  expended  in  the  additional  equip- 
ment of  the  different  departments. 

A  statement  of  the  expenses  of  the  several  departments  for  the  years 
1890-98,  incluslTe,  inolnding  the  amoonta  expended  in  the  original  equip- 
ment above  mentioned,  is  appended. 


ISM. 

1891. 

1882. 

1898. 

1894. 

Mathemfttioi  .    . 

«  6,664.« 

%  7,235.00 

1  7.356.50 

*  6,926.40 

•  6,905.64 

PhyBicB  .... 

17,214.2C 

7,820.98 

6,768.46 

8,667.78 

2,830.80 

ChemiBtry.    .    . 

26,334.24 

7,481.00 

6,298.46 

2,693.26 

1,887.64 

Biology.    .    .    . 

28,083.2E 

15,429.70 

12,782.58 

8,676.47 

2,066.20 

Fayohology     .    . 

13,8M.17 

11,400.00 

7,050.16 

7,666.08 

6,584.00 

EdacatioD .    .    . 

76ao 

1,550.00 

1,15156 

1,686.18 

1,826.87 

Library.    .    .    . 

16,5e8.{M 

5,788.41 

1,279.84 

1,884.45 

2,596.88 

5,829.0 

2,900.00 

8,000.00 

8,800.00 

2,600.00 

ExpeoM     .    .    . 

9,067.4. 

5,162.92 

4,183.77 

8,983.01 

8,778.51 

S,860.0C 

4,660.00 

7,240.00 

6,280.00 

4,980.00 

»125,»74.8< 

•88,783.01 

|67,07aO2 

•45,618^ 

•34,000.49 

1895. 

1896. 

1897. 

1898. 

Mathematics   .    . 

t  5,800.00 

%  5,900.00 

$6,900.00 

•  6,900.00 

Phyuies  .... 

2,829.07 

2,898.08 

2,94a78 

2,178.00 

Biology  .... 

2,072.74 

2,200.00 

2,800.00 

2,054.24 

Paychology.    .    . 

6,015.46 

7,010.00 

7,010.00 

6,676.38 

Education    .    .    . 

1,812.29 

1,250.00 

1,250.00 

1,250.90 

Library  .... 

1,628.72 

1,740.18 

2,456.00 

8,508.48 

2,S00.00 

2,800.00 

2,600.00 

2,800.00 

Expense .... 

8,434.18 

4,310.80 

4,237.82 

3,190.98 

FellowBhipa     .    . 

4,740.00 

4.620.00 

8,420.00 

1.500.00 



_ 

_ 

_ 

$30,032.41 

•32,032.99 

•32,122.56 

•28,852.98 
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In  addition  to  the  endowment  and  gifts,  which  have  already  been 
referred  to,  Mr.  Clark  has  given  to  the  University  for  its  general 
purposes:  — 

188ft-«0 $12,000 

1890-«1 60,000 

1891-«2 26,000 

1892-93 18,000 

$106,000 

The  University  has  received  from  Mrs.  Eliza  W.  Field  "a  fund  of 
$500  to  be  called  the  John  White  Field  Fund,  the  income  of  which  is  to 
provide  for  the  minor  needs  of  a  Scholar  or  Fellow." 

There  was  also  presented  to  the  Trustees  of  the  University  by  Hon. 
Geoi^  S.  Barton  of  Worcester  $5000,  the  income  of  which  is  to  be 
devoted  to  the  idd  of  **  some  one  or  more  worthy  native  bom  citizens  of 
the  city  of  Worcester,  who  may  desire  to  avail  themselves  of  the  advan- 
tages of  the  institution." 

Hon.  Henry  L.  Parker,  in  the  summer  of  1892,  in  behalf  of  many 
citizens  of  Worcester,  presented  the  University  with  a  tower  clock  and 
the  sum  of  $781.80  to  provide  for  its  maintenance,  which  fund  is  known 
as  the  Clock  Fund. 


BEFOBT   OF   THE   TKEASUBEB   TO   THE   TRUSTEES   FOB   THE   TEAB 
ENDING  AUGUST  81,  1809. 

To  THE  Trtistebs  ot  Clakk  Untveesity, 

&entiement —  I  have  the  honor  to  submit  herewith  my  annual  report 
for  the  year  ending  August  31, 1899. 

The  total  receipts  of  the  Univetsity  from  Sept  1,  1898  to  Aug.  31,  1899, 

inclusive,  were        ....  $48,695.63 

The  total  disbnisements  during  the  same  period  were     .        .        .       37,130.27 
Leaving  a  balance  on  hand  Sept  1, 1899,  of $11,465.26 
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(A.) 
The  items  of  iooome  are  as  follows :  — 

Gross  Income  of  the  UniTetBi^  Endowment  Fund ....  $28,407.33 

Gross  Income  of  tlie  Library  Fund .  6^68.46 

Gross  Income  of  the  University 1,586.00 

Gross  Income  of  the  Summer  School,  1899 1,388.60 

SubsciiptioDs  to  the  Fund  for  the  Decennial  CelebratioD         .        .  4460.00 

From  the  Field  Fund 20.00 

Balance  from  previous  year 7,785.24 

Total $48^.53 

(B.) 
The  expenditures  have  been  as  f  oUowa :  — 

For  the  Department  of  Mathematics 9  6,300.00 

For  the  Department  of  Fhysica 2,641.11 

For  the  Department  of  Biology 2,012.25 

For  the  Department  of  Fsycholc^ 7,966.82 

For  the  Department  of  Education 1,260.00 

Administration 2,700.00 

Expense 4,729.87 

Field  Scholarship 20.00 

Expenses  of  Summer  School 889.86 

Expenses  of  the  Decennial  Celebration 3,166.85 

Library  Expenses 3,474.08 

Sinking  Fund 700.00 

Jonas  G.  Clack  on  account  of  premiums 900.00 

Accrued  interest  repadd 389.44 

$37,130.27 

(C.) 

The  incidental  earnings  of  the  University  from  fees,  eto.,  were      .  S  1,686.00 

CD.) 
Account  of  the  Summer  School  for  1899 :  — 

Eeceipts •  l,38a60 

Expenses 889.86 

Balance  carried  to  University  Account $     498.66 

(E.) 
Subscriptions  to  the  Decennial  Celebration :  — 

Beceipts 9  4,150.00 

Expenses 3,156.85 

Balance  on  hand  appropriated  to  the  publication  of  this  rolume      .  $     993.15 
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(F.) 
The  Umveraity  Endowment  Fund  is  invested  as  follows  : 


OregOD  Bailway  and  Kavigatioii  Co.,  48  . 
Weat  Shore  E.  B.  Ca,  1st  Mtg.,  4b,  2361  . 
City  of  Cambridge,  Sewer  Loan,  68, 1906  . 
Norwich  and  Worcester  K.  B.  Co.,  4s,  1927 
Butland  B.  B.,  1st  Mtg.,  6b,  1902  . 
Wilkesbarre  and  Eastern  B.  B.,  Ist  Mt«.,  5b, 

1942 

Hereford  By.  Co.,  48, 1930 

Chicago  and  Eastern  Illinois  B.  B.,  1st  Consol, 

Utg.,  6s,  1934         .... 
1st  Mtg.  Sink.  F.,  6fl,  1907  . 
Wayne  Co.,  Michigan,  48  . 
Northern  Ohio  By.  Co.,  let  Mtg.,  68 
Lowell,  Lawrence,  and  Haverhill  St.  By.,  1st 


Worcester  and  Suburban  St.  By.,  Ist  Mtg.,  Ss 
Worcester  and  Marlboro  St.  By.,  Ist  Mt^.,  Gs 
Atchison,  Topeka  and  Santa  M  By.  Co.,  . 
Gen.  Mtg.,  4s       .        .        .         J18,500.00 
Adj.,  4s        ...        .  10,000.00 

Certif.  Gen.  Mtg.,  4s   .        .  260.00 

Second  Ave.  B.  B.  Co.,  New  York,  Ist  Consol. 

Mtg.,  68, 1948          .... 
16  shares  Worcester  National  Bank 
71  shares  Norwich  and  Worcester  B.  B.   . 
Deposit  in  Worcester  Co.  Inst,  for  Savings 
Deposit  in  Five  Cents  Savings  Bank 
100  shares  Fitchbnrg  (preferred) 
35  shares  New  York,  New  Haven,  and  Hart- 
ford a.  B 

100  shares  Worcester  Traction  Ca  (preferred) 
New  England  Yam  Co.,  Ss        .        .        . 
Lake  Shore  Collaterals,  3j« 
Invested  in  premiums        .... 
Cash  in  Worcester  National  Bank     . 


Book  v^e. 

MuketTftlos. 

8«pt.  1, 18g«. 

iUO,000.00 

9112,760.00 

75,000.00 

84,760.00 

20,000.00 

22,600.00 

76,000.00 

84,000.00 

26,000.00 

26,600.00 

9,800.00 

10,600.00 

9,360.00 

10,000.00 

10.000.00 

13,700.00 

1,000.00 

1,146.00 

30,000.00 

31,200.00 

3,000.00 

3,180.00 

16,000.00 

16,760.00 

6,000.00 

6,240.00 

10,000.00 

10,400.00 

26,000.00 

18,600.00 

8,800.00 

260.00 

26,000.00 

30,000.00 

2,260.00 

2,700.00 

14,603.60 

16,620.00 

6,000.00 

6,000.00 

10,000.00 

10,000.00 

10,300.00 

11,800.00 

6,982.60 

7,630.00 

10,700.00 

10,460.00 

11,000.00 

11,496.00 

60,000.00 

60,000.00 

16,230.00 

28,920.26 

28,920.26 

»6U,1.W?6 

»634,480.26 
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The  gross  income  of  the  UniTerBitj'  Endowment 
Fund  was 


928,407.33 


There  vaa  paid  £rom  this :  — 

To  Sinking  Fund  to  proride  for  premiums .        .        .    $700.00 
To  Jonas  G-.  Clark  on  aoooont  of  premiums  .       900.00 

Aoomed  interest  repaid 389.44  $1,989.44 

Leaving  net  income  carried  to  TTniTSrsity  Aooonnt      .       .    $26,417.89 

(G.) 

The  Library  Fund  is  invested  as  foUovs :  — 

Book  value. 


50  shares  Washington  ITational  Bank,  Boston 
26  sliares  Tremont  Kational  Bank,  Boston . 
50  shares  Merchants'  National  Bank,  Boston 
60  shares  National  Bank  of  Republic,  Boston 
60  shares  Union  National  Bank,  Boston 
60  shares  Second  National  Bank,  Boston    . 
60  shares  Nev  England  Kational  Bank,  Boston 

60  shares  Atlas  Nataonal  Bank,  Boston. 

61  sliares  Stato  National  Bank,  Boston 

16  shares  Suffolk  National  Bank,  Boston  . 

60  shares  Eliot  National  Bank,  Boston 

60  shares  National  Bank  of  Commerce,  Boston 

60  shares  Boylston  National  Bank,  Boston 

43  shares  Old  Boston  National  Bank,  Boston 

10  shares  City  National  Bank,  Worcester  . 

16  shares  Norwich  and  Worcester  B.  B.  stock 

Northern  Ohio  B.  B.  Bonds,  6b  . 

16  shares  New  York,  New  Haven,  and  Hartford 

E.  E 

Invested  in  premiums  .... 

Deposit  in  Worcester  Nataonal  Bank  . 


t  5,627.00 
1,T66.00 
7,934.60 
7,994.88 
6,829.60 
9,162.50 
8,237.60 
6,293.60 
6,938.01 
1,627.21 
6,698.00 
5,562.62 
6,630.76 
4,627.63 
1,500.00 
3,000.00 
4,000.00 

2,992.50 

150.00 

2,27305 


Uorketvalne. 

Sept.  1, 1889. 

9  6,000.00 
(in  liquidation) 
8,600.00 
8,750.00 
7,150.00 
8,850.00 
7,826.00 
5,750.00 
7,167.60 
1,660.00 
7,160.00 
6,626.00 
6,860.00 
5,074.00 
1,500.00 
3,300.00 
4,240.00 

3,270.00 

2,273.05 


The  gross  income  of  the  Library  Fund  was  : 

From  dividends  and  interest       .... 

Bel)at«  on  bank  tax, 

Balance  carried  to  Library  Expense  Aocount 


(4,085.77 

1,172.67 

(5,258.44 
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(H.) 
The  Library  Expenee  Accoont :  — 
Unexpended  balanoe  fnna  preriona  years    .        .       .     93,091.18 

Credits  for  books  sold 412.38 

Inocnne  of  the  Library  Fund  for  1899  .  .        g,268.46       Cf^762.02 

The  expenses,  including  9900  for  adminiatration.  heat 

and  light,  were S386.46 

Leaving  a  bahmoe  Sept.  1, 1899,  of      .       .       .  94,876.66 

The  George  S.  Barton  Fond,  deposited  in  the  Woroes- 

ter  Co.  Inst  for  Savinga,  amounts  to    .              .  97,239.31 

Income  during  the  year 278.43 

(J.) 
The  John  White  Field  Fund,  deposited  in  the  Woroea- 

ter  Co.  Inat  for  Savii^s,  amonnts  to    .  96S3.22 

Income  daring  the  year 26.74 

(K.) 
The  Clock  Fund,  deposited  in  the  Five  Cents  Savings 

Bank,  amounts  to 9878.40 

Ino<nne  dniing  the  year 33.93 

(L.) 

The  Sinking  Fund,  to  provide  for  premiums,  is  de- 
posited in  the  Worcester  Five  Cents  Savings 
Bank,  and  amounts  to 92,670.42 

(M.) 
The  salaries  of  the  University  Faculty  were       .       .  919,990.00 

(N.) 
FelloTBhips  and  Soholarships 91,310.00 

(0.) 
Salaries  of  emplc^eea  .       .    ' 92435.00 

(T.) 
Apparatus  and  supplies 9870.18 

Beapectfolly  aubmitted, 

Thomas  H.  Gagb,  Treasurer. 
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We  liave  examined  tbe  books  and  accooQtB  and  seouritiea  of  Clark 
UniverBity,  and  find  them  to  be  correct  and  as  stated  in  the  foregoing 
treasurer's  report  for  the  year  ending  Auguat  31, 1899. 

Jameb  p.  Hamilton, 
T.  H.  Gagb,  Jb., 

Auditort. 
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LECTURES  ON  MATHEMATICS. 

Bt  Fbovumb  Emilx  Pioakd. 


8wr  VSxtvMion  de  quelquet  Ifotiotu  MathSmatiquet,  et  en  particulier  de 
VIdit  de  Fonetion  depuU  un  icicle. 

BfBS  premieis  mote  seront  pour  adresseT  mes  remeroiments  an  Conseil 
de  oette  Uniyersite  qui  m'a  fait  I'honneQT  de  m'inyiter  k  ces  fetea  et  m'a 
ohai^  de  prendre  la  parole  devant  quelqaee  mathematicieos  americains. 
C'est  on  booneoT  anquel  je  suis  tr^  sensible,  oar  aoos  saTons  eu  France 
que  les  Etudes  matfaematiqaes  se  developpent  rapidemuit  en  AmSriqae 
et  nona  auiTona  ee  moavement  aveo  une  tres  vive  sympathie.  Votre 
American  Jov/meU  <tf  Mathematict  compte  panni  les  joomaiix  periodiqaes 
les  plus  importauts  et  renfenne  de  remarquables  memoires,  et  je  lis 
toujonrs  pour  ma  part  avec  grand  profit  et  interet  le  BuUetis  de  la 
SociStd  mathematique  americaine,  ezcellente  revue  historiqoe  et  critique 
qui  tient  ses  lecteors  au  oourant  dea  trsvanx  les  plus  r6cents.  J'ai 
appria  aoasi  qae  cette  Sooiete  allait  fonder  un  noaveau  reoneil  destini 
&  des  memoires  ploa  ^ndus  ;  je  oe  doute  pas  qn'il  ne  soit  appeU  k  nn 
briUaut  avenir.  Dans  les  trois  causeries  que  nous  alloos  avoir  ensemble, 
je  ne  puis  songer  h  aborder  nn  snjet  special  qui  demauderait  une  pre- 
paration partdculiere.  Nous  allons  rester  dans  lea  generalites  et  jeter  un 
rapide  coup  d'csil  sur  reztension  de  quelques  notions  math^matiqnee  et 
en  particulier,  de  I'idee  de  fonetion  depais  nn  sidole. 


Tonto  la  science  mathematique  repose  but  I'idee  de  fonetion  c'est  & 
dire  de  dipendance  entre  deux  ou  ptusieors  grandeurs,  dont  I'^tude  eon- 
stitue  le  principal  objet  de  I'analjse.  H  a  fallu  Itrngtemps  avant  qa'on 
Be  rendit  compte  de  Tetendae  extraordinaire  de  cette  notion ;  o'est  la 
d'aiUenrs  une  circonstance  qui  a  6te  trea  heurense  pour  les  progres  de  la 
Science.  Si  Newton  et  Leibnitz  avaient  pense  que  les  fonctiona  continues 
n'ont  pas  neoessairement  une  derivee,  ce  qui  est  le  oas  general,  le  calouL 
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diff^Qtiel  n'aarait  paa  pris  naissance ;  de  meme  lea  ideea  inex&otes  de 
Lf^fraoge  sar  la  possibilite  des  deTeloppementa  en  series  de  Taylor  out 
rendu  d'immensea  services.  Sana  vooloir  trop  generaliser,  on  pent  dire 
que  I'errear  est  quelquefois  utile,  et  que,  dana  lea  epoqnes  yraiment 
crdatrioes,  une  verite  incomplete  ou  approchee  pent  6tre  plus  feconde  que 
la  mSme  verite  accompagnee  dea  restrictions  neoeasaires ;  rhistoire  de  la 
science  confirme  ploa  d'one  f  oia  cette  remarque  et,  pour  rappeler  encore 
M^ewton,  U  est  heureuz  qu'il  ait  eu  au  debut  de  ses  recherches  pleine 
confianoe  dana  lea  loie  de  Kepler.  Lea  geom^tres  du  aidele  dernier,  saos 
remonter  [dus  haut,  ne  raffinaient  pas  sur  I'idee  de  fonction ; '  pour  eox, 
une  fonction  d'une  variable  est  une  fonction  qu'on  pent  representer  par 
one  courbe  formant  un  trait  continu ;  ce  sont  ces  fonctiona  qn'Euler 
appelait  ftmetione^  continue.  La  question  de  la  representation  d'une 
fonction  arbitraire  sous  une  forme  analytiqae  dans  laquelle  interviennent 
aeolement  les  operations  fondamentales  de  I'arithmetique  effectneea  un 
nombre  fini  ou  infini  de  fois,  se  posa,  aemble-t-il  pour  la  premiere  fois 
a  propos  da  probleme  dea  cordes  vibrantes.  D'Alembert  avait  donnd 
I'integrale  de  I'eqoation 

sons  la  forme  f(x  +  at)  +  0  («  —  at).  Daniel  BemouUi  montra  qu'tm 
pouvait  mtis&ire  a  Tequation  differenttelle  et  auz  conditiona  auz  limites 
par  une  serie  trigonometrique,  et  il  affirma  que  cette  aerie  donnait  Is 
solution  la  plus  generale.  Ce  fut  I'ocoasion  d'lme  longue  discussion  eutre 
Bernoulli,  Euler  et  Lagrange.  Pour  ces  granda  geometres,  une  fonction 
arbitraire  etait  toujours  la'  fonction  arbitraire  auaceptible  d'Stre  repr^ 
sentee  par  an  trait  continu.  En  1807,  dans  un  memoire  celebre,  et,  pins 
tard,  dans  sa  theorie  analytique  de  la  cbaleur,  Fourier  montra  I'eztreme 
importance  dea  series  tiigonometriques ;  il  a,  le  premier,  oae  affinner  que 
toute  fonction  pouvait  etre  representee  entre  0  et  2  tt  par  un  developpe- 
ment  de  cette  nature,  et,  ce  qui  eat  le  point  capital,  qu'un  meme  d^ 
veloppement  pouvait  entre  ces  limites  representer  des  fonctions  qu'oa 
oonsiderait  comme  diatinctes,  c'est  a  dire  correspondant  graphiquement 
ft  des  arcs  de  courbes  differentes.  II  est  tres  instructif  d'etudier  dans 
la  theorie  de  la  chaleur  de  Fourier  les  voies  diveraes  que  le  oelebre  g^- 
metre  a  suivies  pour  avoir  lea  coefficients  du  developpement.  La  determi- 
nation de  ces  coefficients  a  I'aide  des  integrales  clasaiquea  ne  vient  qu'en 
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BOCOQd  UflQ  ;  cette  detenninatdon  avait  d'aillenrs  ete  indiquee  anparaTant, 
qnoiqiie  d'one  maniere  incidQUte,  par  Euler.  Dans  une  premiere  methode, 
Foorier  obtient  les  coe£Scients  en  enTiaageast  une  infinite  d'equations  dn 
premier  degre  a  une  infinite  d'inconnues ;  c'etait  a&e  recherche  audacieuse 
pour  I'epoqne,  et  nous  ne  devons  pas  nous  attendre  4  trourer  dans  cette 
etude  toute  la  rigueur  que  nous  ezigeons  aujourd'hui.  II  n'en  fant  pas 
moins  se  souTenlr  que  Fourier  ent  le  premier  la  hardiesse  de  resoudre  des 
aystemes  d'une  infinite  d'equations  lineaires  &  une  infinite  d'inconnues. 
II  y  a  d'ailleurs  en  analyse  plus  d'une  question  on  se  presentent  de  tela 
systSmes.  C'est  le  cas  quand  on  veut  ohercher  le  developpement  du  quo- 
tient de  deux  series  trigonometriquest  et  aussi,  quand  ayant  k  int^grer 
une  equation  differentielle  lin6aire  &  coefficients  p^riodiques,  on  vent  y 
satisfaire  par  one  fonotion  pdriodique  ou  au  moyen  du  produit  d'une  telle 
fonction  par  one  ezponeatielle ;  ce  dernier  cas  se  presente  dans  plusieors 
probl^mes  de  micanique  c^este  et  en  particulier  dans  les  beaux  travaux 
de  M.  Hill  BUr  le  moavement  dn  perigee  de  la  lune.  M.  Poincare  a  pose 
les  principes  d'nne  etude  rigoureuse  des  systemes  d'equations  en  nombre 
infini,  speoialement  dans  le  cas  des  systemes  homogenes.  H  introduit 
dans  cette  theorie  les  determinants  d'ordre  infini,  et  un  fait  inattendu 
ressort  de  ses  recherches,  a  savoir  que  des  egalites  en  sombre  infini 
peuTent  dans  certains  cas  Stre  remplaoees  par  one  infinite  d'in^alites. 
II  y  a  d'ailleurs  en  analyse  bien  d'autres  questions  on  on  se  troave  en 
presence  d'une  infinite  d'equations  et  il  y  aura  un  joux  un  chapitre  interes- 
sant  4  ecrire  sur  I'integratiou  d'un  nombre  infini  d'equations  differentielles 
avec  uue  infinite  de  fonctions  inconnues.  Mais  revenous  aux  series  trigo- 
Dometriques.  En  poursuiTant  rapidemeut  leur  histoire,  nous  arrivons  a 
la  periode  ou  Cauchy,  Abel,  et  Diriohlet  soumettent  a  une  revision  severe 
les  principes  fondamentaux  de  I'analyse  mathematique.  Le  memoire  de 
Cirichlet  sur  lea  series  de  Fotirier  est  reste  un  modele  de  rigueur ; 
I'illustre  auteur  precise  les  conditions  pour  que  I'on  puisse  sffirmer  qu'un 
developpement  trigouometrique  avec  les  coefficients  de  Fourier  represente 
one  fonction  donnee  dans  I'interralle  de  0  a  2  ir,  et  ces  conditions  sont 
restees  dans  la  science  sous  le  nom  de  conditions  de  Dirichlet.  Elles  sont 
seulement  snffisantes,  mais  on  ne  pent  esp^rer  dans  cette  theorie  trouver, 
sous  une  forme  pratique,  des  conditions  a  la  fois  necessaires  et  sufi&santes. 
II  est  certain  aujourd'hui,  grace  surtout  aux  travaux  de  Du  Bois-Reymond, 
qu'une  fonction  continue  n'est  pas  necessairement  tonjours  developpable 
en  serie  trigouometrique;  la  condition  auffisante  de  M.  Lipschitz  formulee 
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par  I'inegalitfi  [/(i  + A) -/(*)]  <AA'(<i>0),  en  d^signant  par  i  one 
constante  fixe,  a  on  grand  caracteie  de  generalite,  et  il  en  est  de  meme 
du  theoreme  da  M.  Camille  Jordan  aur  la  l^timite  dn  developpement 
pour  lea  fonctionB  k  variation  bornee. 

Le  memoire  de  Riemann  bop  Iob  series  trigonometriqnes  est  celebre 
dans  riuBtoire  de  ces  series ;  on  pent  dire  en  deux  mots,  pom  le  carao- 
t^riser,  qu'il  abandonne  le  point  de  Tue  de  Dirichlet,  et  qu'au  lieu  de 
chercKer  des  conditions  suffisantes,  sa  principale  preoocupatioa  est  de 
tiouver  des  conditions  necessaires.  A  un  autre  point  de  vae  encore,  le 
memoire  de  Riemann  marque  une  date  paroe  qu'il  continue  cette  reTision 
des  pnncipes  du  calcul  infinitesimal  oommeuoee  par  Abel  et  Caucby ;  la 
distinction  entre  les  fonctions  integrables  et  les  fonctions  non  int^rables 
y  apparfut  pour  la  premiere  fois,  et  on  peut  dire  qu'il  reaulte  des  travaux 
de  Riemann  qu'il  ;  a  des  fonctions  continues  n'ayant  pas  de  deriveea. 

On  doit  a  M.  G.  Cantor  la  reponse  a  une  question  importante :  une 
fonction  peut-eUe  etre  representee  entre  0  et  2  ir  de  plusieurs  manieres 
par  une  serie  trigonometrique  ?  En  d'autres  termes,  z(ro  peut-U  £tre 
represente  par  un  developpement  trigonometrique  oii  les  coefficients  ne 
BOient  pas  tous  nuls  ?  Independamment  df  resultat  lul-meme,  le  memoire 
de  M.  Cantor  est  digne  d'interet  paroe  que,  dana  une  question  depuis 
longtemps  posee,  des  notions  concernant  lea  ensembles  de  points  viennent 
jouer  un  role  utile.  Etant  donne  un  ensemble  de  points  entre  0  et  2  tt, 
M.  Cantor  appelle  ensemble  derive  I'ensemble  de  ses  points  limltes,  et 
on  peut  definir  ainsi  de  procbe  en  proche  les  deriyees  snccessives  d'nn 
ensemble.  Si  la  derivee  n'"**  d'un  ensemble  se  reduit  &  un  nombre 
limite  de  points,  I'ensemble  sera  dit  de  la  n*"  espece.  M.  Cantor  etablit 
que  si  dans  I'interrale  (0,  2  it')  une  s4rie  trigonometrique  est  nulle  pour 
toutes  les  valours  de  2  a  I'ezception  de  celles  qui  correspondent  anx 
points  d'un  ensemble  d'espece  n,  pour  leqnel  on  ne  salt  rien  de  la  eSrie 
tons  les  coefficients  seront  nula. 


J'ai  insiste,  peut-etre  un  peu  longuement,  aur  les  series  tr^ono 
metriques.  Independamment  de  leur  importance  dans  les  applications 
et  particulierement  en  pbysique  mathematique,  elles  ont  jou6  on  rdle 
considerable  dans  devolution  de  la  notion  de  fonction ;  c'est  leur  etude 
qui  a  appele  rattentdon  sur  des  circonstances,  qui  ne  nous  etonneut  plua 
aujourd'bui,  mais  qui  paraissaient  jadis  invraisemblables,  comme,  par 
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exemple,  oe  fait  qne  la  limite  Ten  laqnelle  tend  une  serie  de  fonctions 
continues  pent  n'etre  pas  ^^e  h  la  valeur  de  la  eerie  en  ce  point.  Las 
precautions  &  prendre  dans  la  derivation  dea  series  out  ete  aussi  sng- 
gerees  par  les  series  tr^onometriqaes ;  on  peut  faire  remonter  a  cet 
exemple  les  nombreoses  rechsrches  effectuees  depuls  Cauchy  sur  la  deri- 
vation et  ^integration  des  s6rie8,  auzquelleB  M.  Osgood  ajoatait  il  y 
a  quelques  annees  un  important  complement  dans  son  memoire  sor  la 
convergence  non-uniforme. 

Le  developpement  d'une  fonction  en  serie  trigonomStrique  est  anasi 
le  type  le  plus  simple  de  developpements  tres  generaox  qui  se  preaen- 
tent  dans  les  applications ;  Fourier,  ici  encore,  a  6t6  nn  precurseor. 
L'etude  du  refroidissement  d'une  ajdiere,  en  suppoaant  que  la  tempera- 
ture ne  depende  que  du  tempe  et  de  la  distance  au  centre,  I'a  conduit 
ft  un  developpement  on,  au  lieu  des  lignes  trigonom6triqaes  des  moltiples 
X,  Sz,  •■•,  ns  de  la  variable,  figurent  les  lignes  trigonomitriques  de  a,c, 
o^  — ,  a^  les  a  deaignant  les  racines  en  nombre  infini  d'une  oertaine 
equation  traoBCsndante,  et  il  a  esquisse  une  tbeorie  de  ces  sortes  de 
developpements.  Cette  etude  a  etS  reprise  par  Cancbj  dans  pluaienrs 
memoirea  qui  forment  one  des  applicatious  les  plus  remarqoables  de  ce 
que  le  grand  analyste  appelait  le  calcul  dea  residus.  Sous  des  conditions 
tr^  gen^roles  relatives  fk  I'equation  transcendante,  Canohy  a  demontre 
en  toute  rigueur  la  legitimit6  des  developpements  pour  une  fonction 
Batisfaisant  d'ailleurs  aux  conditions  de  Diriohlet,  et  ainsi  se  sont  trouves 
considerablement  generalises  les  rdsultats  du  m^oire  clasaique  de  I'il- 
Instre  geometre  allemand. 

D'antres  developpements  d'nn  oaractSre  encore  plus  general  se  ren- 
oontrent  en  physique  mathematique,  et  ont  fait  I'objet  des  travauz  de 
Poisson,  de  Sturm  et  de  Liouville  et  de  bien  d'antres,  mais  ici  se  pre- 
aentent,  au  point  de  vue  de  la  rigueur  complete,  dea  difficultas  que  I'on 
a  reussi  &  surmonter  que  dans  un  petit  nombre  de  caa.  Je  citerai  seule- 
meut  Tezemple  tres  simple  du  refroidissement  d'un  mur  indSfini  dont 
lea  faces  extremes  sont  maintenues  &  la  temperature  zero  ;  on  suppose 
d'ailleurs  que  la  chaleur  apeoifique  soit  une  fonction  de  TabsciBse  x  cor- 
reapoudant  a  cbaque  tranche,  de  telle  sorte  qne  Yoa  a  poor  la  tempwa- 
tnre  V  I'equation  aux  dSrivees  partiellea 
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oa  A(x)  eat  uoe  foactioQ  continue  et  positive  de  x  dans  I'iotervalle  (a,  i) 
de  I'epaiaseur  du  mar.     Envisageons  I'equation  Uneaire  ordinaire 

et  les  valeurs  poaitiveB  de  k  en  nombre  infini,  kj,  ^  •-,  i^  ■■•,  potir  les- 
quelles  il  existe  une  integrale  de  I'equation  prSo^ento  s'auDulant  en 
a  et  b.  A  chaque  valeur  de  ki  correspond  une  integrale  yi(x)  de  cette 
Equation  (determinee  it  une  constante  pres),  et  le  probleme  qui  se  pre- 
sente  eet  de  developper  une  fonction  /(x)  a'annulant  en  a  et  i  sous  la 
forme 

La  demonstration  rigoureuae  de  ce  developpement  resulte  des  dei^ 
nitres  reoherohes  de  M.  Stekloff,  s'aidant  des  traraux  anterieura  de  M. 
Foincare  sur  les  Equations  de  la  physique  mathematique.  II  semble  bien 
qu*il  soit  indispensable  pour  I'entidre  rigueor  de  supposer  que/(ir)  a  des 
deiiT^  des  deux  premiers  ordres ;  nous  sommes  loin  d'atteindre  ici  a  la 
gen^raJitS  des  conditions  de  Dirichlet  pour  le  developpement  en  serie 
trigonometrique  qui  rentre  d'luUeurs  oomme  cas  partioulier  (celui  o& 
A(xy  est  une  constante)  dana  le  oas  prdoedent. 


Lliistoire  des  developpements  en  aSries  que  je  viens  de  retracer  rapide- 
ment  nous  donne  nn  remarquable  ezemple  de  I'intime  solidarite  qui  unit 
a  certains  moments  Tanalyae  pore  et  les  mathematiques  appliquees.  En 
plus  d'une  occasion,  ce  sont  ceUes-ci  qui  ont  donne  Timpulaion  en  posant 
lea  problemes,  et  c'est  un  fait  assurement  remarquable  que  des  questiona 
concemant  les  oordes  vibrantes  ou  la  propagation  de  la  cbaleur  aient 
conduit  les  geometrea  a  approfondir  la  notion  si  complexe  de  fonction. 
L'tuatoire  de  la  science  mathematique  ofFrirait  d'aillenrs  dea  le  debut 
des  exemples  analogues ;  nos  facultea  d'abstraotion  ne  trouvent  piimi- 
tivement  k  s'exercer  qu'en  partant  de  certains  faits  conorets,  et  c'est  aana 
I  doute  en  reflechissant  auz  procddes  empiriques  des  praticiens  egyptiens 
leura  predeoesseurs  que  les  premiers  geometres  grecs  crSerent  la  science 
geometrique.  Mais  ces  vues  risqueraient  de  m'entrainei  trop  loin.  Je 
tdens  seulement  a  ajouter  qu'il  ne  faudrait  pas  professer  one  opLoion  trop 
^Btematiqne  sur  cette  marche  parallels  de  la  theorie  pure  et  des  applica- 
tiona,  comme  le  faisait  aveo  Laplace,  Fourier,  Poisson  la  brillante  ecole 
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frangaise  de  phyBiqae  mathematiqiie  du  commencemetit  de  oe  sidole. 
Pour  enx,  ranalyse  pure  a'etait  qne  I'iofitrument,  et  Fourier,  eu  ftnnon- 
sont  a  I'Aoademie  des  sciences,  les  travauz  de  Jaoobi,  disait  que  les  que»- 
tiona  de  la  philoaophie  uatnrelle  doiveut  Stre  le  principal  objet  des 
meditations  dea  geometres.  "  On  doit  desirer,  ajoutait-il,  que  les  persoimes 
les  plus  proprea  a  perfectionner  la  science  du  calcul  dirigent  leara  tra- 
vauz  vers  ces  hautea  applications  ai  n^cessaires  an  progr^  de  I'intelli- 
geuoe  homaine."  Ce  deair  ties  legitime  ne  doit  pas  Stre  exdusif ;  ce 
serait  meconnaitre  d'abord  la  valeur  philosopbiqae  et  artistique  des 
math^matiques  ;  de  pins  des  speculations  theoriques  sont  restees  pendant 
loi^iptemps  eloigndes  de  toute  application,  quand  un  moment  est  venu  ou 
elles  out  pa  gtre  utilisees.  On  n'en  pent  pas  citer  d'exemple  plua 
m^orable  que  le  concept  dea  sections  coniques  elabore  par  les  geomMres 
grecs,  qui  resta  inntilisS  pendant  deux  mille  ans,  jusqu'aa  jour  ou  Kepler 
8*en  servit  dans  I'Stude  de  la  planete  Mars.  Les  questions  a'epuisent 
poor  uu  temps,  et  il  n'est  pas  bon  que  tons  les  obercheura  marcbent  dana 
la  m€me  Toie.  Fen  d'annees  aprea  que  Fourier  ecrivait  les  lignea  que 
je  viens  de  rappeler,  apparaisaait  Evariate  Galois  qui  aurait,  s'il  avait 
vecu  davantage,  retabli  Tequilibre  en  ramenant  les  recherobes  vers  lea 
regions  les  plus  elevees  de  la  tbeorie  pure,  et  ce  fat  un  malbeur  irre- 
parable pour  la  science  franQaise  que  la  mort  de  Gialtns,  dont  le  gtoie 
allait  ezercet  une  action  si  profonde  aur  lee  parties  les  plus  varieea  des 
matb^matiques. 

Arec  cette  digression,  nous  semblons  etre  bien  loin,  messieurs,  de  notre 
promenade  k  travers  I'idee  de  fonction  depuis  le  commencement  de  ce 
siide.  Elle  n'etait  cependant  pas  inutile,  pour  montrer  qu'un  moment 
devait  arriver  oil  lea  speculations  sur  la  theorie  dea  fonctions  de  variables 
rdelles  se  poursuivriuent  sana  souci  immediat  des  applications  et  pren- 
draient  de  plus  en  plus  on  caraotSre  philosopbique.  If  ous  avons  Akjk  dit 
qu'il  reanltait  indirectement  des  travaux  de  Riemann  qu'une  fonction  con- 
tinue n'a  pas  n6cessairement  une  deriv^.  Weierstrass  donna  le  premier 
exemple  d'tme  fonction  continue  n'ayant  de  d^riree  pour  aacune  valeur 
de  la  variable,  et  il  fit  connaitre  au  sujet  des  fonctions  continues  une 
proposition  qui  nous  ramene  aux  developpements  en  series,  maia  ici  les 
termes  sent  des  polynomea.  D'apres  Weierstraaa,  toute  fonction  con- 
tinue dana  on  intervalle  pent  etre  d^veloppee  en  une  serie  de  polynomes 
qui  est  absolument  et  oniformemeat  convergente  dans  oet  intervalle. 
La  demonstration  de  I'illustre  geometre  est  tres  compliquee ;  elle  prend 
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oomme  point  de  depart  une  integralfl  consideree  par  Fonrier  daoa  la 
theorie  de  la  cbaleur,  qui  permet  d'obtenir  la  f  onotdon  consideree  comme 
la  limite  d'nne  fonction  transcendante  eutiere  dependant  d'nn  panunetre, 
qoand  celui-ci  tend  vers  zero.  C'est  de  la  que  Weierstrass  deduit  la 
poasibilite  de  represeoter  d'une  maniere  approobee  par  un  polynome 
toute  fonction  continue  dans  un  intervalle  fini,  d'o^  se  tire  alors  de  suite 
le  resiiltat  eaonce.  On  pent  arriver  beaucoup  plus  rapidement  aa 
tbeordme  de  Weierstrass  en  partant  de  Tintegrale  clossique  de  Foisgon 
dans  la  theorie  des  aeries  trigonometriques ;  elle  montre  facilement  que 
la  fonction,  sapposee  definie  dans  un  intervalle  moindre  que  2  ir,  peut-€tre 
representee  areo  telle  approximation  que  I'on  Toudia  par  une  serie 
limitee  de  Fourier,  et  on  passe  de  suite  a  une  representation  approob6e 
par  un  polynome ;  oelle  demonstration  s'etend  &  des  fonctiona  continues 
d'un  nombre  quelconque  de  variables.  M.  Volterra  est  arrive  aussi  tr^g 
Bimplement  an  theoreme  qui  nous  occnpe  en  remarqnant  qu'une  fonction 
continue  est  representable  aveo  telle  approximation  qa'on  voudra  par 
one  ligne  polygonale  convenable  ;  celle-oi  conduit  h  one  serie  de  Fourier 
uniformement  convergente,  et  an  la  rMnisant  &  un  nombre  suf&samment 
grand  mais  limite  de  termea  on  retombe  sur  le  resultat  indique  plus 
haut.  Le  theoreme  de  Weierstrass  presente  un  reel  iutdret  philoaophique, 
en  meme  temps  qn'il  pent  avoir  quelqne  utilite  an  point  de  vue  du  cal- 
cul  pratique ;  on  en  a  aussi  quelquef ois  fait  usage  poor  la  demonstration 
de  certaines  propositions. 

Les  developpements  en  series  de  polTnomes  apdcianx  sont  d'lm  grand 
intarSt,  mais  ils  ne  penvent  s'appUquer  qn'k  dee  fonotions  satlafaisant 
&  des  conditions  particnlieres.  Ainsl,  dans  son  mtooire  buz  Tap- 
proximation  des  fonctious  de  trSs  grands  nombres,  M.  Darbooz  a 
6tndie  les  developpements  d'une  fonction  suivant  les  polynomes  de  Jacob! 
provenant  de  la  serie  hypergeometrique.  Les  conditions  sont  encore 
oellee  de  Dirichlet ;  pareUlement  aussi  dans  le  cas  ait  la  fonction  devient 
infinie,  elle  doit  rester  int^rable.  II  y  a  cependent  une  difference  qnand 
la  fonction  devient  infinie  pour  les  points  extremes.  Dans  le  cas  des 
polynomes  de  Legendre,  une  fonction  qui  deviendrait  infinie  d'un  ordre 
egal  ou  superieur  &  |  pour  x  =  ±  1  ne  serait  pas  developpable,  quoique 
les  coefficients  aient  un  sens. 

IV. 

Si  nous  revenona  aux  fonctions  prises  dans  toute  leur  generalite,  on 
reconnait  vite  la  necessity  d'etabUr  aveo  un  soin  extreme  certaines  pro- 
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poeitioiis  que  I'on  aooorde  aisement  poor  lea  fonctionB  oauelles.  Cost  oe 
qa'aTait  dej&  reoonnn  Caachy  dans  sod  Analyse  algebriqae ;  lee  toavaax 
de  Haokel,  le  m^moire  de  M.  Darbonx  sur  lea  foactions  dlBContmues,  Id 
beau  liTre  de  M.  Dial  et  les  etudes  plus  reoeutes  des  geom^tres  italiena 
montrent  bien  les  preoautaons  neoessaires  dana  oe  genre  de  reobendies. 
Ainsi,  one  fonotion  de  deox  variablee  reelles  peut  Stre  continue  par  rap- 
port &  z  et  par  rapport  k  y  sans  Stre  continue  par  rapport  a  Tensemble 
des  deux  variables,  comme  M.  Dini  en  a  indique  des  exemples.  Farmi 
les  travanx  les  plus  reoents  sur  ces  questions  delioates,  je  m'arreterai  un 
instant  sur  nn  memoire  de  M.  Baire  qui  renferme  de  ourieox  resnltats. 
L'anteur  a  reussi  a  troUTer  la  condition  neceseaiie  et  suffisante  pour  qn'une 
fonotion  f(xy  d'une  variable  reelle  puiase  etre  representee  par  une  serie 
simple  de  polynomes;  I'enonce  suppose  certaines  notions  sur  la  discon- 
tinQite  d'nne  fonction  par  rapport  &  nn  ensemble  de  points :  nne  fonotion 
pent  £tre  ponctueUement  on  totalement  discontinue  par  rapport  &  cet 
ensemble.  La  condition  obtenne  est  que  la  fonction  soit  ponctueUement 
discontinue  par  rapport  fl  tout  ensemble  parfait.  M.  Baire  se  pose  aussi 
une  question  singuliere  sur  les  equations  lineaires  anz  dfirirees  partielles. 
Enyisageons  I'equation 

Si  je  Tons  demandtus  qnelles  sont  les  fonotions  satisfaisant  &  cette 
^nation,  tous  me  repondriez  sans  doute  que  lee  fonotions  de  z  —  y 
repondent  seoles  a  la  question.  M.  Baire  n'en  est  pas  absolument  adr ; 
il  remarque  que  la  th^orie  du  cbangement  de  variables  suppose  la  con- 
tinuity des  derivees  qu'on  emploie;  si  on  suppose  seulement  I'existenoe 

des  derivees  ^  et  ^  de  la  fonction  cbeichee  /,  on  ne  pent  pas  fiure  le 
bx       ay 

changement  de  variables  olassique.  II  &ut  une  analyse  delicate  ponr 
etablir  que  la  fonction  /,  aupposee  continue  par  rapport  i,  Tenaemble  des 
variables  x  et  y,  et  satisfaisant  a  (1)  est  une  fonction  de  x  -■  y ;  la  conclu- 
sion reste  douteuse  si  /  est  seulement  continue  par  rapport  a  «  et  par 
rapport  ft  y. 

An  point  de  vue  geometrique  les  reohercbes  generates  sur  lea  foactions 
ne  sont  pas  non  plus  aana  interet ;  ellea  nous  apprennent  a  nous  defier  de 
nos  conceptions  lea  plus  simples.  Quoi  de  plus  simple  semble-t-il  qn'une 
csourbe  dont  les  coordonnees  x  et  y  aont  des  fonotions  continues  d'nn  par^ 
m^tre  t  variant  entre  a  et  h.     M.  Feano  a  cependant  montre  qn'on  peut 
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choisir  ces  deux  fonctious  de  telle  sorte  que,  quand  t  varie  entre  a  et  fi,  le 

riiit  (x,  jf)  puisse  prendre  one  positioa  queloonque  dans  on  rectangle, 
certuns  points  (x,  y)  ponrront  correspondre  d'ailleurs,  dana  Tezemple 
de  M.  Feano,  denx  ou  quatre  Talenrs  de  t.  Ce  resultat  est  an  premier 
abord  deooncertant ;  il  derange  nos  idees  snr  les  surfaces  et  snr  lea 
conrbes.  Voioi  encore  nn  resultat  singulier  obteou  tout  recemment  par 
M.  Lebdgae ;  11  y  a  d'autres  surfaces  que  lee  surfaces  developpables  qui 
Bont  applioablea  sur  nn  plan.  On  pent  a  I'aide  de  fonctions  continues 
obtenir  des  surfaces  correspondant  &  nn  plan  de  telle  sorte  que  toute  ligne 
rectifiable  du  plan  ait  pour  correapondante  nne  ligne  reotifiable  de  la 
surface,  et  la  surface  n*est  cependant  pas  rSglee. 

De  tels  exemples  montrent  la  subtilite  des  recberohes  anxqnelles 
doivent  se  livrer  aujoord'hui  ceux  qui  veulent  approfondir  la  notion  de 
fonction  prise  dans  son  extreme  generalite.  Ces  Etudes  sout  en  bien  des 
points  intimement  liees  aux  speculations  sur  la  notion  mSme  de  nombre. 
Nous  rejoignons  ici  une  ecole  de  pbilosopbie  mathematiqne  qui  s'est 
brillamment  developpee  depuis  qaelque  trente  ans,  6oole  qui  se  livre  4 
une  minutifluse  analyse  sur  la  nature  du  nombre.  On  ne  pent  s'empecber 
d'etre  frapp6  du  nombre  considerable  de  publications  parues  dans  ces 
demieres  aunees  et  se  rapportant  a  cette  matbematique  philosopbique ; 
elles  seat  bien  en  accord  avec  les  tendances  generales  de  I'epoque  on  nous 
Tivous,  et  ou  Vesprit  humain  applique  dans  dea  directions  varices  une 
critique  de  plus  en  plus  penetrante.  Ces  speculations  raffinees  ont  memo 
penetre  dans  I'enseignement  elementaire,  ce  qui  est  4  mon  avis  ti^ 
regrettable.  Mais  il  ne  s'^it  pas  ici  d'enseignement ;  je  ne  recherche 
pas  non  plus  I'interet  que  ces  etudes  presentent  pour  le  pbiloaopbe ;  U  me 
parait  tr^e  reel,  et  on  doit  souhaiter  que  de  jeunes  pbllosophes  s'engagent 
dans  cette  direction  apres  s'etie  inities  serieusement  sax  mathematiques. 
Je  ne  venx  me  placer  qu'an  point  de  vue  de  la  matbematique.  De  bona 
esprits  contestent  que  les  speculations  dont  je  parle  aient  qnelque  impor- 
tance pour  les  mathematiques  positives  et  ils  craignent  de  voir  beaucoap 
de  talent  depense  dans  des  recherches  steriles.  Je  compre&ds  tres  bien 
leura  craintes  maia  je  ne  partage  pas  entlerement  leur  avis.  H  y  a  lieu 
sans  doute  de  faire  des  distinctions.  Cettaines  questions  sont  d'un  Interet 
purement  philosopbique  et  n'auront  jamus  vraisemblablement  la  moindre 
Qtilite  pour  les  mathematiques,  comme,  pf^  exemple,  de  savoir  si  la  priorite 
appartient  au  nombre  cardinal  ou  an  nombre  ordinal,  c'est  &  dire  si  I'idee 
de  nombre  proprement  dit  est  snterieur  a  oelle  de  rang  on  si  c'est 
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I'inTerse.  Mais  dans  d'autrea  cos,  il  n'en  est  plos  de  mSme ;  ainai  il  est 
TTaisemblable  que  la  theorie  des  ensembles  de  M.  Cantor,  que  nous  avons 
deja  rencontree  deux  fois  sur  notre  chemin,  est  k  la  veille  de  jouer  nn 
role  utile  dans  des  problemes  qui  n'ont  pas  eta  poses  ezprea  pour  etre  une 
application  de  la  theorie.  Ne  regrettons  done  pas  cet  effort  hard!  sor 
I'idee  de  nombre  et  sor  celle  de  fonction,  car  la  theorie  des  fonotions  de 
TBiiables  reellea  est  la  veritable  base  de  TanalyBe  mathematique. 


n  fant  bien,  il  est  Trai,  reconnutre  que  la  notion  generale  de  fonction 
est  tiis  T^ne,  et  nous  ne  pouvona  obteoir  dee  resultats  de  qnelqne 
dtendne  qu'en  faisant  des  hypotheses  particnlieres.  Qu'est  ce  qui  a  guid6 
plus  on  raoins  consciemment  dana  le  choix  de  cea  bypothdsea  ?  II  resulte 
de  ce  que  nous  avona  dit  aur  les  rapports  eatre  I'analyse  et  lea  applica- 
tions aux  phenomenes  naturela,  que  celles-ci  ont  plna  d'une  fois  gnidS  le 
mathematicien  dans  aon  choix.  Une  hTpothese  esse&tielle  a  et^  celle  de 
la  continuite.  Suivant  le  vieil  adE^  "natnra  non  faoit  aaltua"  nous 
aTons  le  aentiment,  on  pourrait  dire  la  croyance,  que  dans  la  nature  il  u'j 
a  paa  de  place  pour  la  discontinnite.  II  est  utile  quelquefois  de  conserrer 
le  disoontiuu  dans  nos  calculs,  par  exemple  quand  nous  regardons  comme 
nulle  la  dur6e  du  choc  en  mecanique  rationnelle,  ou  quand  noua  reduisons 
a  une  surface  les  oouohes  de  passage  dans  pluaieura  questions  de  physique; 
mais  nous  savons  que,  pour  si  petite  qu'elle  aoit,  les  chocs  ont  une  certaine 
duree  et  les  physiciens  nous  ont  appris  &  mesurer  I'epaisaeur  des  couches 
ou  se  produisent  dans  plusieurs  phenomenes  des  variationa  tres  rapides. 
L'idee  de  derivee  s'impose  deja  moins;  elle  repond  cependant  au  senti- 
ment confus  de  la  rapidite  plna  ou  moins  grande  avec  laquelle  s'accomplit 
tel  ou  tel  phenomene.  L'hypothese  relative  a  la  possibilite  de  la  deriva- 
tion d'une  fonction  a  done  une  or^ne  analogue  k  celle  de  la  continuite. 
Je  ne  veux  pas  dire  qu'au  point  de  vue  du  nombre  l'idee  de  continuite  soit 
ausai  claire  au  fond  qu'elle  en  a  I'air,  mais  il  ne  s'agit  ici  que  de  la  notion 
du  continu  physique  tiree  des  dounees  brutes  des  sens. 

Dans  d'autres  cas,  on  ne  voit  pas  de  cause  du  memo  ordre  dans  la 
particularite  imposee  a  la  fonction ;  il  en  est  ainsi,  ce  me  semble,  pour  la 
propriete  dea  fonctions  dites  analytiques  c'est  (L  dire  des  fonctions  qui 
dana  le  voisinage  d'nne  valour  arbitraire  de  la  variable  peuvent  etre 
developpeee  en  series  de  Taylor.  Lea  fonctions  6tudiees  les  premieres, 
comme  les  fonctions  rationnelles,  rexponentielle,  les  lignes  trigonome- 
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triqaes,  joulssaiit  de  oette  piopriete,  rattentiou  se  sera  bbub  donte  troavee 
appelee  but  elle;  et  emiiite  la  facilite  avec  laquelle  cette  hypoth^Be  a 
permig  d'aborder  certaiuea  questions  a  fait  acquerir  aux  fonctions  analj- 
tiques  one  importaoce  considerable.  C'est  done  k  leur  oommodite  dans 
noB  calculs  qu'elles  doivent  le  grand  rdle  qu'elles  jouent. 

Oa  ne  salt  pas  d'ailleurs,  pour  one  fonction  definie  seulement  pouz  les 
valeurs  reelles  de  la  variable,  qaellea  sont  lea  conditions  de  l^gitimitd  du 
deTeloppement  en  serie  de  Taylor.  Une  fonction  de  x  pent  avoir  des 
derivees  de  tout  ordre  pour  toute  valeur  de  la  variable,  et  u'etre  cependant 
pas  developpable.  On  doit  a  M.  Borel  an  resultat  remarquable  con- 
oentant  les  fonotiona  d'nne  variable  reelle  definie  dans  un  certain  inter- 
valle  et  ayant  dans  cet  interraUe  des  derivees  de  tout  ordre.  Si  Tintervalle 
est  (—  v,  +«*),  la  fonction  peut  eta«  representee  par  on  dSveloppemuit 
de  la  forme 

2\  (A*^  +  5, COB fl«  +  C, sin jKc). 

Ces  diverses  remarques  m'amenent  a  dire  nn  mot  d'one  ecole  de  g6o- 
metres  qui  ne  veulent  rien  voir  en  dehors  des  fonctions  aualytiquee,  et 
d'une  mani^re  plus  generale  de  I'importance,  peut«tre  exageree,  qa'a  prise 
dans  les  travaux  modemes  la  theorie  des  fonctions  analytiques.  C'est 
mutiler  singulierement  I'analyse  que  de  vouloir  se  boiner  a  des  deve- 
loppements  aussi  particuliers  que  les  series  entieres,  alora  que  I'on  peut 
former  tant  de  developpements  d'une  autre  nature  qui  ne  peuvent  jamais 
fitre  representees  par  de  telles  series.  Sans  doute,  les  fonctions  les  plus 
usuelleB  sont  analytigues,  et  on  pourrait  nous  demander  de  citer  des 
exemples  dans  la  Bolution  desquels  interrienuent  dea  fonctions  non  analy- 
tiques,  tandis  que  les  donnees  sont  analytiques.  lis  ne  sont  pas  courants ; 
oe  sont  les  equations  aux  derivees  partielles  qui  probablement  les  four- 
niront  le  plus  faoilement.  Le  suivant,  du  a  M.  Borel,  me  parait  digne 
d'Stre  signale.     Enviaageons  I'equation 

oil  a  est  one  irratlonnelle  oonvenablement  ohoisie,  et  f(z,  y)  une  certaine 
fonction  aoalytique  de  x  et  y  de  periode  2  tr  pout  x  et  y.  Pour  Tequation 
de  cette  forme  citee  par  M.  Borel,  il  y  a  une  seule  solution  periodique  et 
cette  solution  n'est  pas  analytique.    Soit  a  un  nombre  incommenBorable 
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tel  que  ^  etant  I'mie  quelconqae  des  reduites  du  dSveloppement  de  a  en 

nt 
fraction  ooutmue,  on  ait 

|t»,  — n,ffl|  <e-'V-"* 
on  forme 

0  (s,  y)  =  £  o"«J^  cos  (ntf'x')  008  (n^)     (o  <  1,  i  <  1). 

C'est  une  fonotion  non  analytiqae.     Posona  d'autre  part 

^-^^,-+(.,y),  (1) 

la  foQCtion  ^  sera  analytiqae.  Done  si  on  piend  I'^qnation  (1)  a  priori 
et  qii'on  cherclie  une  solution  periodique,  en  x  et  y,  il  n'y  en  a  qu'une ; 
c'est  <f>  qui  n'est  pas  analytiqae. 

C'est  encore,  en  se  pla^fant  a  on  autre  point  de  vne,  qu'il  partut 
manvais  de  reduire  la  tlieorie  des  fonctiona  k  la  th^rie  des  foactions 
analytiques.  11  j  a  de  aombreuseB  questions,  ou  le  fait  pour  les  donnees 
d'etre  analytiques  ne  donne  aucune  facilite  pour  la  solution,  et  oii  on 
risque,  en  portant  trop  son  attention  aur  cette  nature  des  donnees,  de 
chercher  la  solution  dans  des  voies  sana  iasuea.  Pour  le  probleme  du 
refroidissement  de  la  bane  dont  je  parlais  plus  haut,  qu'importe  que  lea 
fonctions  donnees  -Afje)  et  f(x)  soient  ou  non  analytiques?  Ce  n'eat  pas 
tout ;  il  y  a  un  dernier  point  but  lequel  je  tiens  a  insister.  II  peut  arriver 
que  la  circonatance  d'avoir  a  faire  k  des  fonctions  analytiques  conduiae  a 
une  solution,  mais  il  se  peat  que  celle-oi  ne  ae  presente  pas  sous  la  forme 
la  plus  &Torable,  forme  a  laquelle  on  arrive  an  contraire  en  faiaant  ab- 
atraction  de  la  nature  analytique  des  donnees.  La  theorie  des  equations 
differentieUea  foumirait  des  exemples  a  Tappoi  de  cette  assertion;  bomons 
noua  k  citer  le  theoreme  fondamental  du  Calcul  Integral  relatif  &  Tez- 
istence  de  I'integrale  de  I'equation  differentielle  -^=f(x,  y").  Cfl  sont 
les  demonstrations  ne  anpposant  pas  que  la  fonction  /  soit  analytique, 
qui  donnent  le  plus  grand  intervalle  comme  region  ou  Tintegrale  est 
certEunement  detenniaee ;  I'aoalyste,  qui  suppose  analytique  la  fonction 
reelle  f(x,  y)  et  veat  n'envis^er  que  des  series  entieres,  est  conduit  par 
son  mode  de  demonstration  a  un  domaine  plus  restreint. 

J'ai  aimplement  eu  pour  but  dans  ce  qui  precede  de  montrer  qu'il  ue 
faut  paa  restreindre  ayatematiquement  la  notion  de  fonction.  D'one 
maniere  generale,  admirona  dea  syatemes  tres  bien  ordonnea,  mais  mefiona 
nous  un  pen  de  leur  apparence  scolaatique,  qui  riaque  d'etouffer  I'eaprit 
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d'inTentioD.  W.  ne  a'agit  pas,  bien  enteDdu,  de  nier  la  grande  importance 
actuelle  de  la  theorie  des  fonctiona  analytiqnes,  mais  il  ne  faut  pas  oublier  ' 
qu'elles  ne  forment  qu'une  classe  tres  particnliere  de  f onctione,  et  on  doit 
souhaiter  qu'un  jour  Tienne  ou  les  mathematiciens  elaborent  des  theories 
de  plus  en  plus  comprehensiTes ;  c'est  ce  qui  arrivera  peut-etre  an  siecle 
prochain,  si  I'idee  de  fonctioo,  dont  je  toos  ai  bien  incompLetement 
esquisse  Vbistoire,  continue  son  evoliition.  Mais,  pour  le  moment  nous 
sommes  encore  au  dix-neuvieme  siecle  ;  j'auiai  I'Dccasion  domain  et  apres 
demaln  de  faire  amende  honorable  auz  fonctions  analytiques,  qui  depuis 
trente  ans  ont  fait,  comme  tous  savez,  I'objet  de  travaux  considerables. 


Nons  Tenons  de  voir  lea  vastes  perspectives  qn'ouvre  I'extension  de 
plus  en  plus  grande  de  la  notion  de  fonction.  II  faudra  certainement 
montrer  dans  cette  vole  beaucoup  de  prudence,  et  ne  pas  entreprendre 
avant  I'heure  des  rechercbes  qui  resteraient  steiiles ;  mais  il  n'est  pas 
douteux  qu'un  jour  yieudra  ou  I'analjste  sentira  le  besoiu  d'etendre  le 
domaine  de  ses  rechercbes.  L'eztension  de  I'idee  de  fonction  n'est  pas  la 
seule  qu'aient  poursuivie  en  ce  siecle  les  mathematiciens  qui  a'interessent 
auz  principes  de  la  science ;  la  question  des  quantites  complexes  a  vive- 
ment  excite  I'interet,  d'autant  plus  qu'une  certaine  obacurite  planait  sui 
elle,  qu'entrainait  le  mot  un  pea  m3'etdrieuz  de  quantites  imaginaires. 
Le  Bujet  ne  piesente  ploa  rien  anjourd'hui  de  mysterieux.  Dans  un 
memoire  publie  en  1884  Weierstrasa  a  d6Teloppe  nne  theorie  dee  nombres 
complexes.     II  suppose  que  Ton  oonsidere  des  nombres  de  la  forme 

*i«i  +  ^VaH 1-^-«»' 

oil  les  X  sent  dee  nombres  reels  on  imaginaires  ordinsires.  Les  e  sont  de 
purs  symboles.  On  fait  I'hypothese  que  la  somme,  la  difference,  le  pro- 
duit  et  le  quotient  de  deux  nombres  de  I'ensemble  font  eux-memes  partie 
de  cet  ensemble.  Lea  produita  e^ei,  (_p,  q  =  1,2,  —,  n)  sont  done  des 
expressions  Hp^^  Im^aires  et  homogenea  en  e^,  e^  ■■-,  «,  qui  jouent  le  role 
essentiel  dans  la  theorie.  Weierstrass  suppose  de  plus  que  lea  theoremes 
dits  committatif  et  cusodat^  subsistent  tant  pour  I'addition  que  pour  la 
multipli edition.  Pour  I'addition,  lis  sont  verifies  d'eux-mSmes  %  pour  la 
multiplication,  ils  s'expriment  par  les  egalites 

oJ  =  6a,     (ai)  ■  e  =  a  ■  (he), 
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a,b,c  6taiit  trois  nombras  qaelconques  de  reoBeaible.  Ces  conditions 
condoisent  a  certaines  relations  entre  lea  coefficients  dee  foimes  lineairas 
£p,f.  A  tout  sTSteme  de  formes  U^^g  verifiant  ces  conditions  corre- 
spondra  un  ensemble  de  nombres  complexes.  Lea  nombres  complexes 
que  nous  yenons  de  definir  different  seulement  en  un  point  des  nombres 
complexes  ordinaire.  Quand  n  est  supSriear  a  deux,  il  pent  exlster  des 
nombres  differents  de  zero  dont  le  produit  par  certains  aatres  nombres 
est  nol.  Weierstrass  appelle  ces  nombres  des  diviseurs  de  zero.  M. 
Dedekind  a  montre  qu'en  general  les  calculs  avec  ces  nombres  complexes 
se  ramenaient  anx  calculs  de  I'algebre  ordinaire ;  d'une  maniere  plus 
precise,  si  le  carre  d'an  nombre  ne  pent  Stre  nul  sans  que  ce  nombre  soit 
nnl,  on  pent  auz  n  onit^  complexes  primitaves  snbstituer  n  aatres  unites 
(le  determinant  de  la  substitution  n'etant  pas  nul)  de  telle  sorte  que  pour 
ces  nouvelles  unites  e'l,  e'j,  •••,  e'„  on  ait 

e'^i  =  e'i,     «'(«',=  0(»V  A), 

d'oii  I'on  oonclut  que  les  calculs  relatifs  anx  nombres  complexes  prece- 
dents se  ramenent  &  des  calcTils  relatifs  anx  nombres  reels  on  complexes 
ordinaires. 

Nous  avous  admis  que  les  lois  commutative  et  associative  subsis- 
taient  dans  Talgebre  precedente.  On  s'est  place  a  un  point  de  vue  plus 
general  en  supposant  que,  seule,  la  loi  associative  subsistait  [c'est  a  dire 
(ai)(;  =  a(be')'].  On  a  alors  une  algebre  beaucoup  plus  generale  ;  celle-ci 
est  completement  determine  par  le  syst^me  des  expressions  lineaires 
^p^Q-  Un  exemple  celebre  d'un  systeme  k  quatre  unites  e^,  e^,  «g,  «,  est 
foumi  par  les  quaternions  d'Hamilton 

«!  =  1,    Ca  =  t,    flj  =  y,    e^=sk, 

avec  les  relations  ^  =J*  =  £>  =  — 1 

V = -  y*  =  * 

y*  =  -  ^'  =  i 
ki  =  —  ik  =J. 

Une  remarque  tres  interessante  de  M.  Poincare  ramene  toute  la 
ihSorie  des  quantites  complexes  h  une  question  concemant  la  theorie  des 
groupes.  EUe  consiste  en  ce  qu'a  chaque  systeme  d'unites  complexes 
correspond  un  groupe  oontinn  (au  sens  de  Lie)  de  substitutions  lineaires 
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a  n  Tariablea,  dont  lea  coefficients  aont  des  fonctiona  lineairea  de  n  para- 
metres  arbitraiies,  et  iuTcrsement.  Cette  idee  a  etc  approfoadie  par 
M.  Scheffers  qui  a  ete  aimi  conduit  4  partager  lea  nomlires  complezea 
en  deux  classes,  suiyant  que  le  gronpe  qui  leur  correspond  est  integrable 
ou  non  integrable.  A  cette  derni^re  daase  appartient  le  groupe  corres- 
pondant  aux  quaternions,  et  ceux-ci  sont  les  representants  lea  plus  simples 
de  cette  cat^orie  de  nombres  complexes.  Le  rapprochement  entre  la 
theorie  des  groupes  de  Lie  et  lea  nombres  complexes  fait  disparaitre 
le  mystere  qui  semblait  planer  sur  ceux-oi,  et  la  yeritable  origine  des 
symbolea  est  ainsi  bien  mise  en  evidence.  On  peut  se  demander  u  ce 
symbolisme  est  susceptible  d'aooroitre  la  puissance  de  I'Analjse.  En 
France,  les  geometres  qui  s'interessent  a  ces  calculs  sont  tres  peu  nom- 
breux ;  je  eais  qu'au  contraire  en  Angleterre  et,  je  crois  aussi,  dans  ce 
pays  les  quaternions  sont  trea  appreciea.  Je  ne  les  ai  pas  assez  manies 
moi-mgme,  pour  me  rendre  compte  si  leur  emploi  en  mecanique  ou  en 
physique  mathematique  simplifie  les  calculs  d'une  maniere  tres  appre- 
ciable ;  il  y  a  probablement  la  surtout  une  affaire  dliabitude.  Le  point 
Traiment  int^ressant  eerait  de  savoir  si  ces  quantitea  complexes  preaen- 
teront  un  jour  quelque  interet  pour  I'analyae  generale,  comme  il  arrive 
pour  les  imaginaires  ordinaires.  Les  easais  tentes  jusqu'ici  dana  cette  Toie 
ne  paraissent  pas  avoir  ete  heureux ;  mais,  mainteuant  que  le  lien  avec 
la  theorie  des  groupea  eat  compl^tement  mis  en  evidence,  il  n'est  pas 
impossible  que  de  nouvelles  tentatives  n'aboutissent  a  quelque  reaultat 
interessant. 

Les  idees  de  nombres  reel  ou  complexe,  la  notion  de  fonction  sont 
a  la  base  meme  de  I'analyse  ;  il  y  a  encore  une  autre  notion  que  le  travail 
mathematique  de  ce  sieole  a  conduit  a  elargir  conaiderablement.  L'idee 
d'espace  forme  la  matidre  m6me  de  la  geometric  j  eUe  auasi  a  ete  sou- 
mise  a  une  critique  penetrante  qui  a  renouvele  les  bases  de  la  geometric. 
Je  n'en  referai  pas  I'bistoire  depuis  Gauas,  Bolyai  et  Lobatschevski,  his- 
toire  tres  souvent  racontee,  ni  ne  prendrai  parti  dans  les  querelles  que 
ae  font  encore  a  ce  sujet  les  philoaophes.  Je  veux  dire  seulement  un 
mot  de  I'interet  qu'ont  eu  pour  les  mathematiques  les  apecuktiona  aur 
la  nature  de  respace.  Dans  le  memoire  celdbre  de  Riemann,  apparaiasent 
pour  la  premiere  foia  lea  notions  relatives  k  la  courbure  de  I'eapace  dana 

lee  difEerentea  directions,  c'est-a-dire  les  ■    ■  n — ^  fonctiona  invariantea 

caracteristiques  d'une  multiplicite  &  n  dimenaiona ;   une  vive  impulsion 
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a  6te  ainsi  donnee  k  la  theorie  des  formes  quadratiqnes  de  differentieiUea. 
Pour  ne  citer  qn'on  ezemple,  j'indiquerai  senlement  la  forme 

dg'  +  Jy* 

qni  donne  le  oarr6  de  Telement  d'arc  dans  la  geometrie  de  Lobatchevski  ; 
et  il  eat  interessant  de  rappeler  le  role  qu'elle  a  joue  dans  lea  rechercheB 
de  M.  Poincare  bqi  la  formatiou  dee  groupes  fuchsiens.  Apres  Rie- 
matm,  Helmboltz  posa  la  question  sur  un  autre  teriain:  eon  idee  fonda- 
mentale  consiate  a  porter  I'attention  eur  rensemble  dee  mouyements 
possibles  dans  I'espace  doat  on  fait  I'etude.  Le  grand  phyeioien  traitait 
ainsi  par  avance  de  problemes  se  rattachant  a  la  theorie  des  groupes. 
Celle-ci  n'etait  pas  encore  creee  a  I'epoque  on  Helmboltz  ecrivait  son 
memoire ;  il  a  oommis  quelques  erreurs  apres  tout  eecondaires,  mais 
H  n'en  a  pas  moins  la  gloire  d'avoir  le  premier  regard^  une  geometrie 
comme  I'etude  d'nu  groupe.  Les  recberclies  d'Helmboltz  furent  reprises 
completement  par  Lie ;  elles  lui  of&aient  une  magnifique  occasion  d'ap- 
pliqner  son  admirable  tbtorie  dea  groupes  de  transformations.  Dans 
ces  etudes,  I'eepace  est  h  priori  regarde  comme  une  multiplictte,  et,  en 
prenant  le  cas  de  trois  dimensions,  un  point  est  defini  par  trois  quontites 
(x,  j/t  z).  Un  mouTement  dans  Tespaoe  n'est  autre  chose  qu'une  trans- 
foimstion 

**  =/(«.  y» «).  y'  =  0(*.  yi «). «'  =  -^C^  y.  2) 

valable  pour  tme  portion  de  I'espace.  On  suppose  que  tons  les  mouve- 
meutB  possibles  forment  un  groupe  a  six  parametres,  qu'ila  laiesent 
invariable  une  fonctlon  des  coordoones  de  deux  points  quelconqnee, 
qu'enfin  le  mouvement  libre  soit  poeaible,  conune  disait  Helmboltz.  Lie 
demontre  alors  que  I'espace  eaclidien  et  les  espaces  non  euclidiens  sont 
les  seuls  qui  satis&ssent  &  ces  conditions.  Au  point  de  Tue  ou  s'est  place 
Lie,  I'etude  des  priucipes  de  la  geometrie  pent  etre  regardee  comme 
^puisee,  mais  il  se  borne  fk  considerer  tme  petite  portion  de  respace. 
Clifford  et  Klein  out  appele  I'attention  sur  la  question  de  la  counexite  de 
I'espace  qui  est  extrSmement  intetessante ;  nous  ne  aavons  rien  sur  la 
connexite  de  I'espace  oii  nons  vivoos.  On  peut  aussi  chercher  a  appto- 
fondir  le  postulst  de  I'espace  regarde  comme  une  multiplicite,  et  sub- 
ordonner  la  conception  metrique  de  I'espace  a  la  conception  projective 
avec  Ton  Staudt,  Cayley  et  Klein  ;  mais  je  dois  me  contenter  de  rappeler 
oes  directions  diversea. 
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tT'ai  BeolemeDt,  messieors,  tooIti  montrer  dans  oette  ooof^rence  quelles 
perspectives  ouvre  aux  ohercheurs  I'eztension  de  noa  ideea  but  lea  fonc- 
tioDs,  BUT  le  Qombre  at  sur  I'eBpace.  Si  I'^aboration  mathematique  est 
ausBi  feoondg  au  uecle  produun  qa'elle  Ts  ^te  en  ce  siecle,  I'aiialTBe 
differera  beaucoQp  dans  cent  ana  de  ce  qu'elle  est  aujourd'hui ;  on 
maniera  peut-etre  conramment  lea  fonctions  les  plus  eztraordinaires,  6t 
on  Terra  trea  clair  dana  des  espaoes  ayant  beaucoup  de  dimenaions  et  dea 
oonnezites  eleveea.  Pour  ae  repr6senter  I'etat  de  la  mathematique  en 
I'an  2000,  il  faodrait  rimi^ination  de  I'auteiir  de  "  Looking  Backward  "; 
il  eat  malheureux  qne  M.  Bellamy  dans  son  romao  ne  nous  ait  pas  parle 
des  mathSmatiqaeB  a  cette  epoqne.  Comme  rhumanit^  s'il  faut  Tea 
oroire,  aura  alors  beaucoup  de  loisirs,  les  matbematiques  seront  sans 
doute  eztrgmement  floriasaates  et  lea  problemes  qui  noua  arrStent  aajooi- 
dliui  ne  serout  plus  que  des  jeox  d'enfants  pour  noa  sucoeaaeurs. 


Sbookde  Govfi6b.ksce. 
Quelque*  Vuet  Q6ti(rale»  aur  la  Tkiorie  deg  .^quatunu  DiffSrentUttea. 

Jb  Toodrais  aujoord'bui  jeter  un  coap  d'aeil  aur  la  theorie  des  equa- 
tiona  difCerentielles,  qui  joue  en  analyae  un  role  couaiderable  et  dont  les 
pro^rea  importent  Tivement  a  aea  applicationa ;  c'est  un  domaine  trds 
Taate  et  j'eproave  qnelque  embarraa  a  fure  un  oboiz  entre  les  directions 
ai  diveraea  ou  s'est  developpee  oette  theorie.  Les  gSomSties  du  sidcle 
dernier  ne  paraiaaent  paa  s'etre  preoccupy  d'etablir  rigoureusement 
I'exiatence  dea  integralea  dea  equations  difFerentielles ;  ils  integraient, 
quand  ils  le  pouvaient,  lea  equations  qui  se  pr6sentaient  dans  leura 
rechercbes,  sana  se  soucier  de  oes  thSoremes  d'exiatence,  comme  on  dit 
aujourd'hui,  auxquela  noua  attachons  beaucoup  d'importance.  C'eat  a 
Caachy  que  Ton  doit  lea  premieres  rechercbes  preciaea  aur  cea  queationa ; 
le  champ  en  est  tres  vaste,  et  il  he  Ta  pas  parcouru  en  entier,  maia,  au 
moins  dana  le  caa  ou  les  fonctions  et  lea  donnees  sont  aoalytiques,  il 
a  indique  lea  principea  qu'ont  suItIs  toua  sea  continnateura.  Dana  les 
thSor&mea  relatifs  k  I'ezistenoe  dea  integralea,  on  emploie  dea  methodea 
diiFSrentea  suivant  que  les  eqnaUona  et  lea  donneea  aont  suppoaeea  on  non 
analytiques. 

I. 

Plagons  nous  d'abord  dans  le  premier  cas,  de  beaucoup  le  mieuz 
^borS.     L'id^  essentielle  de  Canchy  consiste  dans  la  consideration  des 
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fonctioDB  majorantea.  On  sait  que  les  di£Bcultes  resident  surtout  dans 
la  demonstration  de  la  convergence  de  certaines  aeries  entieres  q^ue  lea 
equationa  differentielles  permettent  de  former,  Cauchy  y  parvient  par 
dea  comparaisons  ayec  d'autres  equations  facilement  integrables.  Pour 
lee  Equations  differentielles  ordinsires,  il  n'y  avait  a  fairs  apres  Cauchy 
que  des  simplificationa  de  forme,  et,  pour  le  cas  d'une  seule  equation  aux 
derivees  partielles,  quel  que  soit  le  nombre  dea  variables,  le  grand  geo- 
metre  avait  indique  aussi  les  pointa  essentiels  de  la  demonstration,  que 
Mme.  Eovalevaki,  dans  un  memoire  reate  classique,  a  presentee  sous  une 
forme  tres  simple.  Le  theoreme  fondamental  est  alors  le  suivant :  Si  on 
a  une  equation  aux  deriveea  partieUes  d'ordre  n  relative  4  une  fonction 
X  de  p  +  1  variables  indepeadantea  x,  Xj^,  --fXp  et  que  I'equation  con- 

tienne  la  derivee  d'ordre  n,  - — ,  one  integrale  aera  en  general  d6terminee 

ai  on  se  donne  pour  x  •"  a  lea  valeura  de  z  et  de  ses  deriveea  par  rapport 
a  X  jusqu'a  Tordre  n  —  1 ;  cea  donneea  aont  des  fonctiona  holomorphes  de 
a^i,  x^,  ■•;  x,  dans  le  voiainage  de  a,,  Oj,  •••,  Op.  On  peat  done  dire,  en 
s'appuyant  sur  cet  enonce  que  I'integrale  generale  de  Tequation  consideree 
depend  de  n  fonctions  de  p  variables  independantes.  C'etait  un  point 
auquel  on  tenait  beaucoup  autrefois  de  aavoir  de  combien  de  fonctiona 
arbitrairea  dependait  Tintegrale  generale  d'UDe  equation  aux  deriveea 
partielles ;  certains  resultats  paradoxaux  avaient  cependant  deja  appele 
I'attention  comme  les  formes  diverses  de  I'iategrale  generale  de  I'equation 

de  la  chaleur  — r  =  -£■■,  qui  ae  prSsentait  tantot  avec  une,  tantot  avec 

deux  fonctions  arbitraires.  De  tels  reaultata  ne  nous  etonnent  plus 
aujourd'lim,  quand  11  s'agit  comme  id  de  fonctiona  analytiques.  Nous 
n'avona  qa'4  noua  rappeler  qu'an  nombre  fini  quelconque  de  fonctions  a 
un  nombre  quelconque  de  variables  independantes  ne  presente  pas,  au 
point  de  vue  arithmetique,  une  plus  grande  generalite  qu'ane  seule  fonc- 
tion d'une  aeule  variable,  puiaque  dans  I'un  et  I'autre  caa  Tensemble  des 
coefBcienta  des  developpements  forme  aimplement  nne  suite  SnumSrable. 
Aussi  B'explique-t-OQ  que  M.  Borel  ait  pu  etablir  que  toute  integrale 
analytique  d'une  equation  aux  d6rivees  partielles  &  coefBcienta  analy- 
tiques  peut  etre  exprimee  a  I'aide  d*nne  formole  ne  renfermant  qu'une 
aenle  fonction  arbitraire  d'une  variable  reelle. 

Nous  venous  de  conaiderer  une  seule  equation  aux  deriveea  partielles. 
L'Stude  des  aysttoies  d'equations  differentielles  presentait  de  plus  grandea 
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difficult^.  Une  premiere  qaeation  est  tout  d'abord  restSe  longtemps 
sans  reponse ;  il  etait  posaible  de  se  demander  s'il  pouvait  exister  des 
Bystemes  qui  compreiment  iin  uombre  illimite  d'equations  distinctea  o'est 
a  dire  ne  poavaut  pas  se  dedaire  par  differentiation  d'un  certain  nombre 
d'entre  ellea.  M.  Tresse  a  etafali  qu'im  systeme  d'equations  aux  derivees 
partielles  ^tant  defini  d'une  mani^re  quelconque,  oe  syateme  est  neoeasaire> 
ment  litnite,  c'est  k  dire  qu'il  ezdste  on  nombre  fini  «,  tel  que  toutes  les 
equations  d'ordre  superieur  a  a,  que  coutient  le  syBteme,  ee  deduisent  par 
de  simples  differentiations  des  equations  d'ordre  egal  ou  in£erieur  a  «. 
n  importait  ensuite  de  se  rondre  compte  de  la  nature  des  elements 
arbitraires  figurant  dans  I'integiale  generale.  Mme.  EoTalevski  n'avait 
examine  que  certains  systemes  composes  d'equations  en  nombre  egal  a 
celui  des  fonctions  inconuuea  et  resolubles  par  rapport  aux  derivees 
d'ordre  le  plus  eleve  de  chacune  des  fonctions,  ces  deriyees  etant  relatives 
&  une  mSme  variable  x.  M.  Biquier  d'abord,  puis  M.  Delassus  ont  donne 
sous  des  formes  differentes  la  solution  du  probleme  dans  le  cas  general ; 
M.  Delassus  arrive  par  des  changements  de  variables  a  obtenir  une  forme 
canoniqne  completement  integrable,  et  montre  que  I'integration  d'un  tel 
systeme  a  m  variables  se  ramene  k  I'integration  successive  de  m  systemes 
de  Mme.  Koyalevski  contenant  successivement  1,  2,  ••■,  m  variables;  c'est 
en  partant  de  cette  propriete  qu'on  peut  dSmontrer  facilement  I'existenoe 
des  integrales  analytiques,  et  determiner  les  fonctions  et  constantes 
initiales  en  nombre  fini  dont  dependent  ces  integrales. 

n  semble  y  avoir  eu  longtemps  chez  les  mathematiciens  quelques  hesi- 
tations sur  ce  qu'on  devait  entendre  par  integrale  generale  d'une  equation 
aux  derivees  partielles.  Si  I'on  se  borne  aux  cas  ou  il  ne  figure  dans  les 
equations  que  dee  elements  analytiques,  et  si  I'on  n'envisage  que  les  inte- 
grales analytiques,  on  considers  aujourd'hui,  conformement  a  I'opinion 
de  M.  Darboux,  qu'une  integrale  est  generale,  si  on  peut  disposer  des 
arbitraires  qui  y  figurent,  fonctions  et  constantes,  de  maniere  a  retrouver 
les  solutions  dont  les  theoremes  de  Cauchy  et  de  ses  successeura  nous  ont 
demontre  Texistence.  Anterieurement,  Ampere  s'etait  place  a  un  autre 
point  de  vue ;  dans  son  grand  memoire  sur  les  equations  aux  difFereuoes 
partielles,  il  s'exprime  ainsi :  "  Pour  qu'une  integrale  soit  generale,  il  faut 
qu'il  n'en  resulte  entre  les  variables  que  I'on  considere  et  leurs  derivees  a 
I'infini  que  les  relations  exprimees  par  I'equation  donnee  et  par  les  equa- 
tions que  I'on  en  deduit  en  la  differentiant."  II  est  bien  clair  qu'il  s'agit 
de  relations  ne  renfermant  aucune  des  quantites  arbitraires  qui  figurent 
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dans  riut^rale  oonsideree.  Les  avis  etaient  parti^es  entre  les  geomltres, 
et  on  86  demandait  a'il  j  a  identite  entre  la  definition  d' Ampere  at  celle 
de  Cauchy.  M.  Goursat  a  montre  bien  nettemeat,  aur  difierents  exemples, 
qu'une  integrale  peut  etre  generale  au  sena  d' Ampere  aans  Stre  generale 
an  aeos  de  Cauchy. 

n  ne  faudrait  pas  conclure  des  divers  traTanz  qui  precedent,  que,  tout 
en  envisageaot  seulement  des  integrales  et  des  equations  analytiquea, 
I'etude  des  conditions  determinant  les  integrales  d'nn  systeme  d'equations 
aux  derivees  partielles  aoit  actuellement  achevee.  Les  theordmee  generauz 
indiques  font  connutre  certaines  donneea  qui  determinent  une  integrale, 
mais  celle-oi  peut  etre  determinee  par  one  infinite  d'autres  conditions.  II 
n'eet  pas  douteuz  que  les  types  k  trourer  de  ces  tbeoremea  d'existenoe 
sent  en  uombre  infini.     Prenons  Tezemple  tr^  simple  de  I'equation 

ax  dy         ax         ay 

TJae  integrale  est  determinee  par  la  condition  da  se  reduire  pour  2=0 
i,  une  fonction  donnee  de  y,  et  pour  y  =  0  a  une  fonction  donnee  de  x : 
Toila  un  genre  de  determinations  d'une  integrale  qui  ne  rentre  pas  dans 
les  conditions  du  thSoreme  general  de  Caucby.  Lea  conditions  tres 
Tariees,  qui  peuvent  determiner  lea  integrales  dea  equations  aux  dif- 
ferences partielles  appellent  encore  de  nombreuses  recberches. 


Nous  Tenons  de  nous  placer  an  point  de  vue  de  la  tbeorie  des  fonctions 
analytiques.  Conune  je  le  disais  hier,  il  y  a  souvent  grand  interet,  non 
seulement  a  un  point  de  vue  philosophique,  mais  meme  en  quelque  sorte 
au  point  de  Tue  pratique,  a  adopter  des  hypotheses  plus  generales.  C'est 
encore  a  Cauchy  que  I'on  doit  pour  les  equations  difEerentielles  ordinairea 
la  demonstration  de  I'existence  des  integrales  sans  supposer  les  equations 
analytiques.  Sa  methode,  bien  naturelle  et  bien  simple,  consiste  a 
regarder  les  equations  differentielles  comme  limites  d'equations  aux 
differences.  On  peut  faire  aur  cette  methode  de  Cauchy  une  remarque 
tres  interessante ;  elle  est  susceptible  de  f  oumir  dea  developpements  en 
series  des  integrates  qui  eonvergent  taut  que  lea  int4gralea  retterU  oontinue», 
et  laUaent  eontinuet  les  eoefficietUt  diffirentielt.     En  ce  sens,  elle  est 
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Buperieure  aoz  autres  methodes  qui  ont  ete  proposdes.      Ainsi*  pour 
prendre  on  ezemple,  soit  le  syst^me  d'equations 


dxf^ 


■■,x.-)     (.--LZ,....) 


ou  les  X  Bont  des  polynomes.  On  pent  representer  les  iute^frales  de 
ce  Bysteme  prenant  ponr  £  =  0  les  valeurs  x^,  x^,  *">  ^^  pu?  des  deve- 
loppements  de  la  forme 

ACV'  V'  -.  V.  0  +  "•  +  -P-C*!''  V'  ■".  !=-*.  0+  •" 

les  P  etant  des  polynomes  en  x^,x^,—,x^  et  t,  et  oee  developpementa 
Bont  conTe^ents  tant  que  lea  integrales  restent  des  fonotions  oontinues 
de  t. 

D'autres  methodeB  ont  ete  propoBeee  pour  demontrer  I'existence  des 
integrales,  oomine  la  methode  des  approximations  successivea  qui  donne 
pour  les  series  une  oonvergence  tres  rapide,  mais  ces  series  ne  couTergent 
pas  neoeasairement  dans  tout  le  champ  ou  les  integrales  sout  continues. 

Pour  une  equation  differentielle  ordinaire  d'ordre  n,  on  suppose 
generalement,  quand  on  veut  etablir  I'existence  des  integrales,  qu'on  ee 
donne  pour  une  valeur  de  x  les  valeurs  de  la  fonction  et  de  ses  derivees 
jusqu'a  I'ordre  n  —  1,  mais  on  pourrait  prendre  beaucoup  d'autres  don- 
nees;  et  c'est  oe  qui  arrive  notanunent  dans  les  applications  du  calcul 
des  variations.  Ainai  pour  une  equation  du  second  ordre,  il  atriye  qu'uue 
integrale  soit  determinde  par  les  conditions  de  prendre  pour  Xg  la  valeur 
y,  et  pour  *|  la  valeur  y,.  On  a  pen  travaiUe  jusqu'ioi  dans  cot  ordre 
d'idees,  et  cependant  maintes  conditions  initiales  sont  aussi  interessantes 
que  celles  adoptees  dans  le  theor^e  general  clossique.  Les  recherches 
entreprises  dans  cette  voie  ont  conduit  k  quelques  resultats  par  I'emploi 
de  methodes  d'approximations  successives,  et  ou  a  pu  ainsi  reconnattre  des 
cas  singnliers  de  divergence  dans  I'emploi  de  ces  methodes  d'approximation. 

Si  noua  passons  maintenant  aux  ^uations  aux  differences  partielles, 
les  equations  et  les  donnees  n'etant  pas  neoessairement  analytiqnes,  nous 
nous  trouTons  dans  nn  domaine  tres  etendu  ou  on  n'a  fait  que  les  pre- 
miers pas.  n  faut  deja  quelque  soin  pour  etablir  I'existence  des  inte- 
grales de  r^oation  lineaire 
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Bane  Bopposer  qae  X(x,  y")  soit  aoalytique.  Pour  lea  equations  d'ordre 
auperieor,  U  n'y  a  qu'un  petit  nombTe  de  types  pour  lesquels  on  puisse 
definir  avec  precision  ce  que  Ton  entend  par  int^frale  generale.  lis  ont 
generalement  pour  origine  des  problemes  de  geometrie  infinitesimale 
ou  de  pbyuqae  mathematique ;  lea  variables  et  lea  fonotionB  reatent  ioi 
rSelles.     Preaons,  conune  ezemple,  I'equation 

flrs  ens  .  ,  dz   .  - 

oil.  a,h,e  sont  des  fonctions  continues  de  x  et  y,  aor  laquelle  Riemann 
a  6orit  quelques  pages  eztremement  remarqnables.  Soit  un  arc  de 
courbe  MP  tel  que  toute  parallele  a  (%b  et  a  Oy  le  rencontre  au  plus  en 
on  point ;  nous  nous  donuona  les  Talenrs  de  j  et  ^  but  cette  coorbe. 
D  y  aura  une  integrals  et  one  aeule,  continue  ainsi  que  aes  dSrivSea 
partielles  du  premier  ordre,  aatisfaisant  anx  conditions  donnSes,  et  elle 
sera  definie  dans  le  rectangle  de  cdtes  parallelea  anx  asea  et  ayaut  Jf  et  J* 
pour  BOmmeta  opposes.  On  voit  combien  cet  enonoe  est  d'une  nature 
plus  precise  que  ceuz  qui  out  ete  donnte  antdrieurement  en  nous  plai;ant 
an  point  de  vue  de  la  th6orie  des  fonctions  analytiques,  ou  pour  une 
equation  comme  celle-ci  on  etablit  seulement  I'existence  d*une  solution 
dans  le  voimnage  d'une  coorbe,  voisinage  determine  avec  tres  pen  de 
precision.  L'exemple  si  simple  que  nous  avons  cboisi  montre  encore 
qu'il  n'existe  pas  toujours  d'integrale  continue  ainsi  qoe  sea  deriTees 
premieres  satisfaisant  aux  conditions  donnees  sur  un  arc  de  courbe ; 
il  en  sera  ainsi  quand  sur  cet  arc  il  y  aura  une  tangente  parallele  &  Tun 
des  axes.  Void  un  second  exemple  liana  le  meme  ordre  d'idees ;  on  peut 
relativement  &  I'equation 

^      ^      ^      A 

Be  donnet  les  Taleara  de  u  et  de  v-  pour  les  points  d'tm  cercle  O  situd 
dans  le  plan  2 »  s, ;  TintSgrale  ainsi  definie  est  determinee  &  rintirienr 
des  deux  cones  de  revolution  passant  par  la  circonf  erence  O  et  de  gene- 
ratrices paralleles  a  celles  du  cone  a^  +  y*  —  2*  =  0. 

Les  conditions  determinant  une  integrale  peuvent  prendre  des  formes 
tres  diverses.  Ainsi  des  conditions  de  continuite  sont  suaoeptiblea  de 
remplacer  certainea  donnees  :    c'est  un  fait  auquel  nous  sommea  tres 
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habitues,  maU  qui  n'en  est  paa  moina  tree  remarqoable.  L'Squatiou  da 
poteatiel  a  provoque  dana  cette  Toie  de  nombreoses  recherclies,  6t  le 
theordme  fondamental  auquel  Riemann  a  doiuie  le  nom  de  Diriclilet, 
apies  avoir  ete  approfondi  par  Schvarz  et  Keumanu,  a  encore  fait  recem- 
ment  I'objet  des  recberches  de  M.  Poincare.  Des  problemes  analogues 
cat  ete  poses  et  resolus  pour  un  grand  nombre  d'equations,  par  exemple 
pour  I'equation 

a'u  .  A*  ,     3tt  ,  ,3tt  ,  . 

Sif*^  +  '')i  +  %  +  ''  =  '' 

pour  laquelle  une  iutegrale  continue  est  determinee  par  sea  valeurs  sur 
un  contour  ferme  dans  toute  region  ou  le  coeEBcient  e  est  negatlf ;  de 
telles  questions  ne  sont  d'ailleurs  paa  limiteea  auz  equations  lineaires. 

Ces  divers  ezemplea  caracterisent  bien  la  nature  des  th^remes  d'exia- 
tence  dea  integralea,  qnand  on  ne  se  place  paa  au  point  de  vue  de  la 
thSorie  des  fonctions  analytiquea.  H  y  a  la  un  ordre  immense  de  re- 
oberches  egalement  intereasantes  pour  la  tbeorie  pure  et  pour  les  appli- 
cations de  r&nalyae.  Sana  memo  aborder  de  queations  entierement 
nouvelles,  que  de  points  saraient  a  reprendte  dans  lea  travaux  celebres 
des  pbysiciens  geometres  de  la  premiere  moitie  du  ai^e,  de  Fourier, 
de  Poisson,  de  Caucby  meme,  si  on  voulait  y  apportec  la  rigueur  que 
Tod  exige  aujourd'bui  en  matbematiques. 

Je  dois  ajouter  d'ailleurs,  conime  transition  entre  les  deux  directions 
relatives  a\ix  generalites  sur  les  equations  auz  derivees  parfcielles,  qu'il 
existe  des  classes  tres  etendues  d'equations  dont  toutes  les  integrales  sent 
analytiques.  Citona  lea  equations  linSairea  d'ordre  n  a  deux  variables 
independantea  :  dana  une  region  du  plan  ofL  toutea  les  caracteristiques 
sont  imaginaires,  toute  integrale  bien  determine  et  continue  ainsi  que 
ses  derivees  partielles  jnsqu'a  Tordre  n  est  neceeaairement  analytique. 
II  y  a  aussi  de  nombrensea  equations  non  lineaires  ayant  toutes  leurs 
integrales  analytiques. 

Je  viens  de  parler  dea  caracteristiques  d'une  equation ;  c'eat  \k  un 
Bujet  en  connexion  etroite  avec  lea  theoremes  generaux  d'existence  qui 
viennent  de  nous  occuper.  Les  caracteristiques  sont  certaines  multipli- 
cites  jouissant  de  proprietea  particuUeres  rdativement  a  une  equation 
donnee,  multiplicites  singulieres  en  ce  qu'elles  ne  definissent  pas  une 
integrale  contrairement  i  ce  qui  arrive  en  general  poor  les  multiplicites 
ooutenant  les  memes  elements.     Tandis  que  la  notion  de  caracteristiques 
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est  anjonrd'hni  tr^  nette  poar  les  Sqnations  ou  systdmes  d'eqnatiooa  & 
deax  variables  independantes,  elle  a  encore  besoin  d'Stre  approfondie  dans 
le  cas  de  plus  de  deux  variables. 


Si,  qoittant  les  gen6ralit£a  relatives  k  Texistence  des  intSgrales,  noos 
TOoloDS  parler  de  la  rechercbe  effective  des  integrales  et  de  I'etude 
d'equatioDS  particnli^res,  rembarras  est  grand  de  tenter  des  clasaifica- 
tions  dans  un  ensemble  considerable  de  travanx,  et  nous  sentons  oombien 
nos  classements  sont  toujours  defectueuz  par  qaelqne  endroit.  Peut-etre 
pourrait-on  tout  d'abord  distingner  Tancienne  ecole  matbematique,  et  le 
mot  "aneienne"  ne  vent  pas  dire  qn'elle  ne  continue  pas  ti  proeperer. 
C'eat  I'Ecole  d'Euler,  de  Lagrange,  de  Monge  dans  son  immortel  ouvrage 
sur  les  applications  de  I'analyse  k  la  geometrie,  d' Ampere  dans  son  celebre 
memoire  de  1817  sur  les  equations  auz  differences  partielles.  En  France, 
cette  ecole  des  analystes  geometres  pour  qui  les  problemes  de  geometrie 
infinit^simale  sont  roooasion  de  belles  recbercbes  analytiques,  a  pour  cbef 
M.  Darbouz.  Ses  Lemons  sur  la  Th^orie  des  surfaces  sont  anjourd'hui 
nn  livre  olaasique  qui  a  rappele  rattention  sur  des  questions  quelque 
temps  n^ligees.  Relativement  a  I'integration  effective  des  Equations  du 
second  ordre,  pendant  de  longues  annees  apres  la  publication  du  memoire 
d' Ampere,  il  n'avait  ete  rien  ajoute  d'esaentiel  &  la  tbeorie  developpee  par 
le  grand  geometre.  En  1870,  M.  Darbouz  publia  un  memoire  renfermant 
des  vues  profondes  et  originalea  qui  est  fondamental  dans  I'bistoire  de 
cette  tbeorie.  Depuis  cette  epoque,  divers  gdometrea  ont  developpe  dea 
metbodes  plus  on  moins  analogues.  M.  Goursat  vient  de  rassembler  dans 
un  ouvrage  considerable  les  methodes  proposees,  en  y  ajoutant  ses  decou- 
vertes  personneUes  snr  ces  questions  difficiles.  On  peut  caracteriaer 
toutes  ces  recbercbes,  en  disant  qu'on  s'y  propose  de  trouver  explicite- 
ment  des  intSgralea  avec  le  plus  grand  degre  possible  d^indeterminatioa. 
Quelquef  ois,  les  methodes  sont  des  iodications  de  marcbe  ik  suivre  quand 
telle  circonstance  heureuse  se  presente,  et  on  cbercbe  des  classes  d'equa- 
tions  pour  lesquelles  il  en  soit  ainsi ;  dans  d'autres  cas,  on  renonce  au 
moins  temporairement  &  I'integration  complete,  et  on  rechercbe  des  solu- 
tions de  plus  en  plus  ^tendues  au  moyen  de  transformations  convenables 
comme,  par  exemple,  celles  de  M.  Biancbi  pour  I'equation  des  surfaces  & 
courbure  constante. 

Les  Idees  du  grand  g^om^re  norvegien,  Sopbus  Lie,  dont  la  science 
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deplore  la  perte  reoeate,  ont  exercS  auasi  depuis  vingt  ans  one  grande 
influence  dana  Tetude  des  equations  differentielles  sous  le  point  de  vue 
qui  nous  occupe  en  ce  moment.  La  tlieorie  dee  groupes  de  traosfonna- 
tiona,  une  des  pins  belles  creations  matbematiques  de  ce  siecle,  est  venae 
apporter  on  element  incomparable  de  classification  ;  elle  a  permis  de  faire 
une  Taste  Bynthese  en  doonant  one  origine  commune  a  des  notions  eparses 
qui  pEiraissaient  sans  liens. 

Je  disais  tout  k  llieure  que  nos  claasiflcations  se  plient  difficilement  & 
la  complexite  des  choses.  Certains  problemes  se  trouvent  a  un  confluent, 
ou  ae  rencoQtrent  I'ancienne  ^cole  de  Monge  et  d' Ampere  et  I'Ecole  plus 
r^oente  qui  ae  rattache  a  la  theorie  modeme  des  fonctions.  Monge  avait 
integre  I'equation  des  surfaces  minima,  et  c'est  la  un  de  ses  titres  de 
gloire.  Ses  formules  ont  ete  transfonneea  par  Weierstraas,  et  alors  a 
apparu  le  lien  entre  la  theorie  des  f  onotiona  d*une  variable  complexe  et  la 
tbeorie  des  surfaces  minima.  Un  problems  appelle  vivement  Tattention 
dans  cette  theorlB :  c'est  le  probleme  de  Plateau  relatif  aux  surfaces 
minima  passant  par  un  contour  donne.  11  a  ete  resolu  seulement  dans 
des  cas  tres  speciaux ;  je  crois  qn'en  exercant  la  sagacite  des  analystes  il 
sera  quelque  jour  I'ocoasion  de  progres  importants  dans  I'analyse  geaerale. 


J*ai  surtout  parle  juaqu'ioi  des  equations  aux  derivees  partielles.  La 
theorie  das  equations  differentielles  ordinaires  est  plus  speciale,  d'autant 
que  quelques  uns  ont  une  tendance  a  la  regarder  comme  un  chapitre  de  la 
theorie  des  fonctions  analytiques.  Apres  les  remarques  que  j'ai  faites 
hier,  je  n'ai  pas  besoin  d'ajouter  que  ce  n'est  pas  la  mon  opinion ;  je  vous 
ai  indique  plusieurs  problemes  qui  ne  relevent  en  rien  de  la  theorie  des 
fonctions  analytiques,  et  il  me  sufQra  de  citer  encore  I'extension  des  idees 
de  (ralois  aux  equations  differentielles.  Ceci  dit,  il  n'est  pas  doateux  que 
les  progres  de  la  theorie  des  fonctions  analytiques  ont  exerce  la  plus 
henrense  influence  sur  certains  points  de  la  tbeorie  des  equations  diffe- 
rentielles ordinaires.  Je  ne  ferai  que  rappeler  le  memoire  coJebre  de 
Puiseux  sur  les  fonctions  algebriques,  dans  lequel  etudiant  a  un  point 
de  nouveau  les  plua  simples  des  equations  differentielles  a  savoir  les 
quadratures,  il  revele  I'origine  de  la  periodicite  des  integrales  de  differen- 
tielles algebriques.  Les  recherches  de  Briot  et  Bouquet  ne  sont  pas 
moins  classiqueH  ;  les  auteurs  y  etudient  lea  circonstances  singulieres  qui 
peuvent  se  presenter  dans  une  equation  du  premier  ordre  quand  le  coefB- 
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cient  diffBrentiel  devient  infini  ou  indetenaine.  II  faut  se  reporter  a  pr^ 
de  cinq^uante  ana  en  arriSre  ponr  bien  juger  oa  memoire,  ou  pour  la 
premiere  foU  est  mis  en  Svidence  le  r61e  des  points  singuliera  dans  I'^tude 
des  fonotions ;  ces  notions  nous  sont  bien  familiSres  aujourd'hui,  vms 
nous  ne  devons  pas  oublier  que  oe  sont  lea  m^moires  de  Fniseirx  et  de 
Briot  et  Bouquet  qui  en  out  montre  la  baute  importance.  II  gamble  que 
le  memoire  de  Briot  et  Bouquet  aurait  du  etre  immediatemODt  Torigine 
de  travauz  dans  la  meme  vole,  mais  bien  des  ann6es  se  passerent  avaut 
qu'il  ne  fut  repria  et  complete.  C'est  en  AUemagne,  sous  Tinfiuence  de 
I'eiiseignement  de  Weierstrass  que  nous  vojons  d'abord  reparaitre  I'etude 
des  singularites  des  equations  differentielles,  et  cela  pour  les  equations 
difEerentielles  lineaires.  II  est  vraiment  ourieui  que  Briot  et  Bouquet, 
apres  avoir  traite  le  cas  plus  difficile  des  singularites  d'une  equation  non 
lineaire,  fut-elle  du  premier  ordre,  n'aient  pas  songe  a  s'occuper  des  equa- 
tions lineaires,  laissant  a  M.  Fucbs  I'honneur  de  fonder  nne  tbeorie,  dout 
I'iUuatre  geometre  allemand  a  ffut  lui-meme  des  applications  du  plus 
bant  interet,  et  qui  a  provoque  un  nombre  immense  de  recberches.  On 
remplirait  des  bibliotbeques  avec  les  memoiree  composes  depuia  trente  ana 
8ur  la  tbeorie  dea  equations  lineaires.  Je  ne  puis  songer  a  vous  parler 
dea  nombreuses  classes  d'equatious  dont  I'etude  a  ete  faite.  En  restant 
dans  les  g6neralit6s,  je  rappelle  seulement  que  I'etude  des  points  singnliers 
presents  une  grande  difference  suiyant  que  oe  point  singulier  est  r^guliet, 
comme  dit  M.  Fuchs,  ou  presente  les  oaracteres  d'uu  point  singulier 
essentiel.  Ce  dernier  cas  est  de  beauooup  plus  dlEScile ;  M.  Tbome  a 
forme  des  series  satisfaisant  formellement  k  I'equation,  mais  qui  en  general 
ne  sont  pas  convergentes.  Remarquons  a  ce  propos  que  Briot  et  Bouquet 
ont  les  premiers  montre  qu'une  equation  differentielle  pouvait  couduire  h 
une  s6rie  en  general  divergente  ;  leur  exemple  bien  simple  est  I'equation 


^^. 


ax  +  by 


Terifile  par  one  serie  entiere  dont  le  rayon  de  convergence  est  nul.  Cette 
petite  constatation  a  appele  I'attention  sur  im  fait  d*une  importance 
oapitale,  et  qui  ne  se  rencontre  que  trop  freqaemment  dans  les  applica- 
tions; les  developpements  purement  formels  sent  nombreux  en  meoa- 
nique  analytique  et  mecanique  celeste,  ou  ils  font  le  desespoir  des 
geom&tres.  Ponr  les  ^nations  lineaires,  cea  developpement  ont  un 
certain  interet,  comme  I'a  montre  M.  Foincar^  au  point  de  vne  de  la 
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representation  asTmptotique  des  mtegr&les.  On  peat  d'aillenra  obteoir 
et  de  bien  des  manieres,  one  representation  analytique  dea  integrales 
autour  du  point  singulier.  Je  dois  enfin  mentionner,  relativement  aux 
points  singiilierB  irreguliers,  les  recherches  de  M.  H.  Ton  Koch  qui  a  tire 
tres  heurensemeiit  parti  dans  cette  question  dea  r^sultata  obtenus  sur  lea 
determinants  d'ordre  inflni. 

Revenons  anx  equationB  da  premier  ordre.     Briot  et  Bouquet  ont 
anrtoat  etadie  lee  singalarites  en  faisant  les  redactiona  aa  tjpe 

ou  /  est  holomorphe  et  s'annale  pour  a:  =  0,  y  =  0,  et  leurs  reoheroheg 
out  ete  depnis  oompletees  par  la  oonnajssance  de  la  forme  anal3'tiqiie  des 
integrales  aa  Toisin^e  du  point  singulier.  Le  cas  plus  oompliqne  de 
Tequation 

n'avait  fait  jasqa*4  ces  demiers  temps  I'objet  d'auoune  recherche  depais 
les  quelques  lignes  que  lui  avaient  consacrees  Briot  et  Bouqaet.  Cette 
etude  vient  d'etre  reprise  simoltanement  par  M.  Horn  et  par  M.  Bendix- 
son.  Ces  auteurs  se  serrent  d'ane  methode  convenable  d'approximations 
sacceasives  dont  j'indiquerai  le  principe.  Nous  supposons  expressement 
que  X  reste  reel  et  se  rapproche  de  zero  par  Taleurs  positiTes,  et  posona 

f(x,  y^  =  hy  +  F(x,  y) 

F  ne  contenant  paa  de  terme  du  premier  degre  en  y  independant  de  x. 
Si  la  partie  reelle  de  h  est  positive,  I'equation  precedente  a  une  infinite 
d'integprales  tendant  vers  zero  en  meme  temps  que  x,  et  elle  n'en  a  qu'une 
quand  \&.  partie  reelle  de  6  est  negative.  Les  deux  caa  peuvent  Stre 
traites  en  faisant  les  approximation  successives 
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et  on  obtieQt  ainsi  xme  representation  analytique  des  int^grales  (ou  de 
rintegiale).     H  eziHte  xm  d^eloppement 

a^x  +  a^  +  —  +  a^  +  — 

satiafftJHftnt  form^xfMnt  &  Tequation  (1),  nuus  dont  le  rayon  de  conver- 
gence est  nol  en  general ;  o'est  la  generalisation  de  la  remarqTie  de  Briot 
et  Bouquet,  et  on  peat  ajouter  que  la  derivee  d*ordre  n  de  toutes  lea 
integralee  considerees  tend  vers  1  •  2  ■--  n  ■  a.,  qnand  x  tend  vers  zero. 
De  plus,  quand  il  y  a  nne  infinite  d'integrales  tendant  vers  zero  en  mSme 
temps,  eUes  sont  tmlU*  representees  asymptotiqaement  par  le  memo 
developpement,  ce  qui  est  eTidemment  defavorable  pour  I'interet  que 
pent  presenter  one  telle  representation  asymptotiqne.  Lea  m^thodes 
precedeutes  sont  d'ailleurs  sosceptibles  de  a'etendre  a  on  systeme  d'eqoa- 
tions  differentielles.  Je  feral  encore  une  remarque  importante  sur 
Tequatdon  (1) ;  le  cas  ou  la  partie  reelle  de  h  est  nolle  echappe  complete- 
ment  a  la  methode.  L'equation  a  en  general  des  integralea  qui  ne  ten- 
dent  vers  aucune  limite  pour  z  =  0.  On  se  trouve  alors,  sur  on  exemple 
tres  simple,  en  presence  des  difficultes  considerables  que  Ton  rencontre 
dans  plnsieurs  questions  de  mecanique  anal3iique;  c'est  en  vain  que 
Ton  a  tente  josqu'ici  de  proceder  psir  approximations  succesaives  con- 
vei^ntes  et  les  developpemente  essayes  sont  en  general  divergents. 

Quo!  qu*il  en  soit  des  difficnltes  restant  encore  a  surmonter,  des 
progrto  serieux  o&t  k\k  realises  ces  dernieres  annSes  dans  I'etnde  des 
integralee  des  equations  non  lineaires  au  voisinage  des  points  singuliers 
mis  en  evidence  par  Is  forme  meme  de  Tequation  diffSrentielle.  De  tela 
points  singuliers  sont  les  eeuls  que  pniasent  avoir  les  integrales  quand 
il  s'agit  d'une  equation  llnMire,  mais  il  en  est  autrement  poor  les  equa- 
tions non  lineaires.  En  deliors  des  points  singuliers,  qui  sont  apparentt 
SOT  l'equation,  il  peut  y  en  avoir  d'autres  variables  d'une  integrate  a 
Tantre.  Les  Equations  dn  premier  ordre  ne  presentaient  pas  a  oet  egard 
de  bien  grandes  difficultee.  En  se  bomant  auz  equations  differentielles 
alg^briques,  tons  les  points  singoliers  qui  ne  aout  pas  apparents  ne 
peavent  etre  que  des  points  critiques  algebriqnes.  Des  ezemples  simples 
montraient  que  pour  les  equations  d'ordre  superieur  an  premier,  il  n'en 
£tait  plus  de  meme  et  qu'il  pouvait  y  avoir  des  points  essentiels  mobiles; 
I'attention  avait  dte  appel^  snr  ee  point  qnand  on  avait  voulu  etendre 
anx  ^uationa  du  second  ordre  k  points  critiques  fixes  les  methodes  qui 
avaient  idassi  pour  les  eqaations  du  premier  ordre  poBsedant  la  meme 
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propriete.  La  difficnlte  Bignalee  rostait  entiere,  quand  M.  PainleTe  est 
veuu  faire  une  importaute  distinction  et  signaler  an  fait  inattendu.  Les 
points  singuliers  mobiles  peuvent  se  partager  en  deux  classes,  lea  points 
singuliers  ftlgebriques  ou  transcendants  pour  lesquels  I'integrale  et  ses 
derivees  acqui^rent  nne  valeur  determinee  finie  oa  infinie,  et  lea  points 
singuliers  eseentiels.  M.  Pwnleve  a  etabli  que,  dans  les  equations  diffe- 
rentielles  algebriques,  le  cas  ou  les  points  singuliers  essentiels  sont 
mobiles  est  un  oas  exceptionnol.  Ces  equations  se  trouyent  ainsi  par- 
tagees  en  deux  classes,  une  classe  genenJe  pour  laqueUe  I'integrale 
generale  n'a  pas  de  singularites  ossentielles  mobiles,  et  une  classe  singu- 
liere.  L'interet  de  cette  diatinotioQ  est  tres  grand  dans  I'etude  de 
quelques  classes  partioulieres  d'eqoations  differentielles. 


Arretons  doob  specialement  but  le  ess  ou  la  variaUe  et  les  fonctions 
restent  reelles;  c'eat  le  cas  iut^ressant  pour  les  applications.  Xous 
designerons  par  t  la  variable  independante  qui  sera,  si  Ton  veut,  le 
temps.  Pour  etudier  qaantitativement  les  fonctions  defiiues  par  les 
eqnations  differentielles,  c'est  k  dire  pour  pouvoir  evaluer  numeriqae- 
ment  les  valeurs  de  ces  fonctions,  on  doit  desirer  d'avoir  des  represent 
tations  de  cellee-ci  permettant  de  les  calculer  pour  un  intervalle  de  temps 
auBsi  grand  que  possible.  H  y  a  des  classes  aasez  ^tendnes  d'equations 
differentielles,  d'apres  la  forme  desqnelles  on  est  asaurS  d'obtenir  des 
developpementa  valables  poor  tonte  valeur  de  t.  Un  oas  tres  simple 
est  celui  des  equations 


dt 
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On_  suppose  que  les  fonctions  /  restent  continues  pour  toutes  les 
valeurs  reelles  et  finies  de  t  et  des  y,  et  que  de  plus  les  derivees  §-^ 
restent  en  valeurs  abaolues  moindres  qu'un  nombre  fixe.  La  m6thoae 
de  Cauchy  ou  la  methode  des  approximations  successives  donne  pour 
les  y  des  developpements  valables  pour  toute  valeur  du  temps. 

En  supposant  que  les  fonctions  /  soient  analytiques  et  reguli^res 
pour  toute  valeur  reelle  finie  on  infinie  de  t  et  des  j/,  on  peut  proceder 
autrement  dans  la  recherche  d'un  developpement  valable  pour  toute 
valeur  du  temps.  II  suffit  de  faire,  avec  M.  Poincare,  une  representa- 
tion conforme,  sur  un  cercle  situe  dans  le  plan  d'nne  variable  z,  d'une 
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bande  trea  petite  dans  le  plan  de  U  yariable  t  (suppose  on  instant 
oomplexe),  bande  paiaUele  k  I'aze  rSel,  oe  qui  rerient  &  poser 

On  pent  ici  proceder  eacore  d'one  autre  maniere  en  se  rappelant  que 
M.  Fainlev^  a  Stabli  que  toute  foDctioo  holomorphe  d*une  variable  rSelle 
dans  uu  intervalle  pent  etre  developpee  en  nne  serie  de  polynomes  dont 
les  ooeffioientB  dependent  lineairement  des  valeurs  de  la  fonction  et  de 
ses  deriTees  ponr  une  valeur  partiouliere  t^t,. 

n  7  a  dee  cas  o^  Tequation  ne  rentre  pas  dans  les  types  preoedentst 
et  od  Ton  sera  cependant,  an  moins  pour  certaines  integrales,  assure  de 
la  poaaibilitd  d*un  developpement  toujonrs  valable.  Je  citerai  comme 
preMier  ezemple  les  Equations 

oft  a  et  &  sont  denx  constantes  positives ;  f  eb  F  designe  des  series  holo- 
morpbes  en  -,  a:  et  y,  et  ne  renfermaut  pas  de  tennes  constants  et  de 
termes  du  premier  degre  en  a;  et  y.  H  eat  aise  d'etablir  que,  pour 
t^tf  snMsamment  grand,  les  valeurs  initdales  6tant  suffisanunent  petites, 
les  integrales  oorrespondantes  tendront  vera  z&to  ponr  f  n  00.  De  tela 
exemples  sont  nudheureusement  trds  rares ;  on  pent  encore  oiter  les 
problemes  de  meoauique  ou  il  7  a  une  fonction  des  forces.  Chaoun  sait 
que  I'equilibre  est  stable,  dans  le  voisinage  d'une  position  ou  la  fonction 
des  forces  est  maxima,  mais  ce  resultat  olaasique  provient  de  I'etude 
mdirecU  des  Equations  differentielles ;  le  meme  probleme  nous  montre 
Tite  combien  une  etade  dirette  serait  desirable,  et  combien  de  difficultes 
restent  h,  vaincre.  Ainsi,  supposons  qa'il  n'7  ait  pas  de  fonction  de 
forces  et  bonions  nous  a  un  point  materiel.     Eorivons  les  equations 

g=«t  +  Jy+...  ^_a'»  +  6'y  +  ...  (2) 

oji  les  seconds  membres  sont  des  developpements  suiTant  les  puissances 
de  X  ety,  et  conrei^nts  ponr  a;  et  y  assez  petite.  Le  point  !e=  0,  y=-0 
oorrespond-U  &  une  position  d'equilibre  stable?  H  est  impossible  ac- 
tuellement  de  ripondre  i  cette  question.  II  7  a  peut-etre  quelqnes 
mecaniciens  qui  croient  que  la  nature  de  I'equilibre  depend  senlement 
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des  termes  du  premier  degre  dans  le  eeoond  membre.  Noua  nous  garde- 
rous  biea  de  leor  en  Tooloir,  car  c'etAit  au  fond  Twrear  de  Lagrange, 
mais  U  est  clair  qu'en  reduisant  les  equations  k  la  partie  liueaire,  on  peat 
avoir  une  Bolution  stable  qui  cesse  de  I'etre  quand  on  retablit  les  tennea 
d'ordre  Buperiear.  Les  equations  (2)  preaentent  tme  particularite  curi- 
eose  qui  merite  d'etre  signalee.  On  peut  se  propoeer  de  troaver  nne 
int^grale  premiere 

F  etaat  en  holomorpbe  en  x^  y,  a/,  y',  et  commen^ant  par  des  termes  dn 
second  degre.  Or  on  trouve  ime  telle  fonction  F  au  point  de  vue  formel, 
mais  la  serie  ainsi  obtenue  ne  converge  pas  en  general.  J'ajoute  que, 
si  la  force  dependait  non  seulement  de  la  position  du  point  mais  de  la 
Vitesse,  c'est-a-dire  si  dans  (2)  lea  seconds  membres  dependaient  anssi 
de  ir'  et  y'y  la  recberche  de  la  fonction  F  ne  pourrait  plus  generalement 
etre  effectuee,  mais  il  serait  plus  facile  de  rSpondre  k  la  question  relative 
a  la  stabilite. 

Quand  on  a  ancune  notion  de  la  grandeur  de  I'intervalle  pour  leqael 
les  foDctions  definies  par  les  equations  differentielles  sont  continues,  on 
peut  cependant  trouver  des  developpements  valables  pour  tout  le  temps 
pendant  lequel  les  fonctions  resteront  continues.  J^ai  dit  tout  a  I'beure 
que  Ton  pouvait  dSdoire  de  tels  developpements  de  la  mStbode  olassique 
de  Cauchj ;  o'est  14  un  resultat  interessant,  mais  malbeureusement  il 
n'a  guere  qu'un  int6rdt  theoriqne,  car  il  semble  bien  difficile  de  dedulre 
de  ces  developpements  quelquea  renseigDements  sot  le  champ  oii  lee 
integrales  restent  continues. 

n  y  aura  cependant  des  oas  ah  certaines  proprietes  auziliaires  des 
Aquations  permetteut  d'aroir  des  renseignements  sur  le  champ  ofi  les 
integrales  restent  continues.  Que  Ton  prennc,  par  exomple,  les  six 
equations  classiques  en  p,  q,  r,  y,  y*,  y"  relatives  au  mouvement  d'un 
solide  pesant  suspendu  par  un  point ;  I'integrale  des  forces  vivos  et 
I'integrale  y',  y",  y"*  =  const,  permetteut  de  reconnutre  que  les  six 
fonctions  precedentes  resteront  finies  pour  toute  valour  du  temps,  et 
nous  sommes  alors  assure  que  pour  ce  probleme  la  methode  de  Cauohy 
donne  des  developpements  valables  pour  toute  valeur  du  temps. 
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A  Tordre  d'idees  qui  nous  oooupe,  ae  rattaohent  les  travaux  de  M. 
Poincare  but  les  solutions  periodiques,  et  aur  les  solutiona  asjmptotiqueB. 
L'etude  des  solutions  periodiques  d'une  equation  differentielle  preaente 
un  interSt  particulier.  Je  connais  peu  d'ezemples  ou  on  puiaae  trouvar 
directement  une  solution  periodique.  Dans  sea  travaux  sur  ce  aujet,  M. 
Poincare  precede  par  voie  indirecte  ;  il  profite  de  la  presence  d'une  con- 
stante  tres  petite  dans  les  equations,  et  il  raisonne  par  continuite  en  par- 
tant  d'une  solution  periodique  pour  la  valeur  zero  de  cette  conatante,  II 
serait  a  desirer  que  Tod  put  penetrer  par  une  autre  vole  dans  I'etude  des 
solutions  periodiques.  Quant  aux  solutions  asymptotiqaea  k  nne  senle 
solution,  lenr  etude  resulte  de  developpements  analytiques  simples ;  mais 
I'existeace  dans  certaina  ess  particuliers  de  solutions  doablement  asymp- 
totiques,  c'est  k  dire  de  solutions  aaymptotiquea  pour  t  =  —  oo  a  une 
Bolution  periodique  et  de  nouveau  asymptotiqnea  pour  £  =  4-  oo  a  cette 
memo  solution  £tait  eztrSmemeut  oachee,  et  leur  deoouyerte  a  demande 
un  effort  considerable. 

L'etade  des  courbes  definiee  par  lea  equations  differentielles  est  sur- 
tout  une  etude  qualitative.  Si  I'on  considers  d'abord  une  equation  du 
premieT  ordre  et  du  premier  df^rl. 

.=:=T^    (X  et  F  polynomes  en  a:  et  y)  (2) 

l'etade  des  points  singuliers  generauz  se  deduit  des  reenltatB  de  Briot  et 
Bouquet.  Ces  points  se  partagent  en  trois  types,  que  M.  Poincare  ap- 
pelle  des  cols,  dea  nceuds  et  des  foyers.  Un  point  singulier  d'une  nature 
daja  plus  oompliquee  est  foumi  par  ce  que  M.  Poincare  appelle  un  centre, 
qui  en  general  presente  de  I'analogie  aveo  les  foyers  maia  autonr  duquel 
dans  certains  caa  Tint^rale  constitue  une  courbe  fermee.  On  a  alora  un 
exemple  de  solutions  periodiques  dont  la  periode  depend  dea  conditions 
initiales.  Lea  travaux  les  plus  recents  sur  les  points  »ngnliers  de  courbes 
integrales  de  I'equation  (2)  sont  dua  a  M.  Bendixson ;  le  sav&nt  geomatre 
euedois  a  etabli  en  particulier  que  s'il  exists  pour  Tequation  (2)  nne 
oourbe  integrale  allant  k  I'origine  avec  une  tangente  d^terminee,  toutes 
les  oonrbea  integrales  allant  a  I'origine  y  parviendront  avec  des  tangentes 
determinees. 

L'etude  dea  courbea  integrales  ne  doit  pas  etre  bornee  an  voisinage 
des  points  singuliera ;  on  doit  chercher  a  ae  rendre  compte  de  leur  forme 


.,  Google 


240  Emile  Picard: 

BUT  le  plan  tout  entier  on  hut  la  sphere  en  faisant  ime  perspective.  Si 
Ton  cliemine,  pour  I'equation  (2),  sur  une  courbe  integrale,  qn'arrivera- 
t-il?  Cette  courbe  pent  etre  fermee  de  telle  Borte  qu'oc  reviendra  au 
point  de  depart ;  elle  pent  aussi  avoir  un  des  foyera  comme  point  asymp- 
tote. Elle  pent  avoii  encore  pour  conrbe  asymptote  une  couibe  ferm^ 
satisfaisaut  d'ailleurs  a  I'equation  differentieUe.  Cea  oourbes  fermees,  que 
M.  Poincare  appelle  cjfcU»  lim^»  jouent  un  role  capital,  et  c'est  dans  les 
cas  ou  il  est  possible  de  se  rendre  compte  de  leur  position  que  la  dis- 
cussion de  I'equation  pent  etre  faite  d'uue  maniere  oomplete. 

Pour  IflB  equations  du  premier  ordre  maia  de  degre  superieur  lea  dif- 
ficidtes  aont  beaucoup  plus  grandee.  L'etude  des  points  singuliers  gS- 
neranx  a  ete  faite ;  elle  trouve  en  particulier  son  application  dans  des 
problemea  comme  celui  des  lignes  de  courbure  d'une  surface  passant  par 
un  ombilic.  L'etnde  des  courbes  dans  tout  le  plan  est  singulierement 
compliqnee  par  un  fait  qui  ne  pouvait  se  renconfarer  pour  les  equations 
du  premier  degre.  II  pent  arriver  qu'une  courbe  integrale  oouvre  une 
aire,  c'est  a  dire  puisse  se  rapprocher  autant  qu'on  voudra  d'un  point 
arbitraire  dans  tme  aire. 

D'apres  les  difficultes  que  presentent  encore  les  equations  du  premier 
ordre,  il  est  dair  que  pour  les  equations  d'ordre  superieur  an  premier 
l'etude  qualitative  des  integrales  sollicitera  longtemps  encore  Teffort  des 
cherdienrs.  An  point  de  vne  analytique,  une  circonstance  importante  est 
&  noter.  Tandis  que  pour  le  premier  ordre,  on  peut  tirer  parti  dans  quel- 
ques  cas  oomme  celui  des  centres  de  certains  developpements  en  serie,  il 
arrive  an  contraire  ioi  dans  les  cas  correspondants  que  les  developpements 
analogues  sout  purement  formels ;  nous  en  avons  vu  un  ezemple  en  par- 
laut  tout  a  I'heure  de  la  stabilite  de  I'equilibre.  Remarquons  a  ce  propos 
que  les  questions  d'instabilite  sont  beaucoup  plus  faciles  k  traiter  que  les 
questions  de  stabilite  comme  il  resulte  dea  iutereasantes  recherches  dc  M. 
Liapounoff.  Quand  il  y  a  une  fonction  des  forces  I'equilibre  est  stable 
si,  pour  cette  position,  la  fonction  des  foroes  est  maxima.  Quant  auz 
positions  d'equilibre  pour  lesqueUes  cette  demi&re  condition  n'est  pas 
rempUe,  on  les  a  toujoura  regardees  oomme  instables,  mais  leur  instabilite 
n'avait  pas  ete  demonti-ee.  M.  Liapounoff  I'a  Stabile  en  particulier  pour 
le  cas  que  I'on  pent  appeler  general  ou  la  non  existence  du  maximum  de 
la  fonction  des  forces  se  reconnait  par  les  termes  du  second  ordre. 

Je  citerai  seulement  un  exemple  relatif  aux  oourbes  integrales  d'une 
equation  d'ordre  superiem-  au  premier.      Dans  un  memoire  recent,  M. 
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Hadamard  vieDt  d'etudier  les  lignea  geodesiques  dea  surfaces  k  courborea 
opposees  et  a  connexion  multiple  ayant  im  nombre  limite  de  nappes  in- 
finies.  II  etablit  que  les  tangentes  anz  lignea  geodeaiques  passant  par  nn 
point  de  la  anrface,  et  restant  a  distance  finie,  fonnent  un  ensemble  par- 
fait  non  contina.  Ce  resultat  eat  interessaut  au  point  de  rue  de  la  dispo- 
sition des  lignes  geodesiqaes  de  la  surface ;  il  montre  qu'il  eziste  des 
Ugnes  geod^qnes  se  rapprocbant  d'une  geodesique  fermee  d^teTminee, 
puis  abandonnant  oeUe-oi  pour  ae  rapprocher  d'une  autre,  puis  passant  a 
one  troisieme,  et  ainsi  de  suite  indefiniment.  II  montre  de  plus  que 
TalluTe  des  coorbes  integrales  peut  dependre  dans  certains  cas,  des  pro- 
prietes  discoQtinaes  je  veux  dire  arithmftiquea  des  constantes  d'integra- 
tdon.  C'est  snr  cette  idee  que  je  yeux  m'arreter ;  dans  la  tbeorie  des 
equations  differentieUes  oomme  en  maintea  parties  dea  mathematiquee,  les 
reoberohes  sent  obligees  de  prendre  on  caract^  aritbmetique.  G'est 
rarithmStiaaiion  des  matbematiques  dont  parlait  M.  Klein  dans  nn  article 
recent. 

J'ai  essay^  messieurs,  en  restant  dans  lea  geaeraUtes  et  aana  prendre 
aucune  olasae  partiouliere  d'equationa,  de  faire  une  aorte  de  carte  geogra- 
pbique  sommaLre  de  la  tbeorie  des  equations  differentielles.  Beaucoup 
de  Toies  sont  onvertes  et  dans  des  direotaona  trea  varieea ;  sur  plus  d'un 
point,  les  questions  sont  senlement  posees,  mais  elles  paraissent  bien 
poshes ;  et  nous  nons  rendons  compte,  oe  qui  a  son  prix,  de  la  nature  des 
difficulties  qu'il  faudra  vainore.  C'est  one  etroite  alliance  entre  lea  dis- 
ciplines lea  plus  diversea  qui  amenera  maintenant  de  nouTeaux  pn^^^- 
n  n'eat  plus  permia  aujourd'bui  au  geometre  iuventeui  d'etre  I'bomme 
d'un  aeul  point  de  vue,  et  0  faut  nous  resigner  a  de  grandee  complica- 
tions. C'est  un  privilege  que  les  sciences  matiiematiques  partageront 
probablement  dans  I'ave&ir  avec  d'autres  sciences.  Esperons  seulement 
que  des  bommes  de  genie  viendront,  de  loin  en  loin,  donner  aa  moins  pour 
on  temps  I'illasion  de  la  simplioite. 

TBOISldHE  CoKTiBBKOB. 
Sw  la  Thtorie  des  FoncUont  Anatitiquea  et  aur  qaelquet  Fon^ioni  l3pteiaU$. 
La  tbeorie  des  fonctions  de  variables  complexes  est  devenue  aujourd'bui 
une  branobe  considerable  de  I'analyse  matbematique.  Elle  doit  son  bril- 
lant  essor  a  la  decouverte  de  quelques  propositions  genSralea  parmi  les- 
quelles  se  trouvent  au  premier  rang  les  theoremes  de  Cauchy  sur  les 
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integrales  prises  le  long  d'on  oontonr.  Ces  lois  generales  des  foactiotu 
analytiqaes  appliquees  a  des  foDctiocs  speoiEiles  donneut  souvent  avec 
facilite  leurs  prinoipales  proprieteB.  L'application  de  ces  lois  constitue 
line  methode  synthetique,  et  des  resultats  auxquels  avaient  conduit  one 
longne  serie  de  transfonnations  de  calculs  apparaissent  qaelquefois  avec 
line  evidence  intuitive.  La  theorie  des  fonctiona  elliptiques  en  offre  un 
memonible  ezemple,  et  n'y  a-t-il  pas  quelque  chose  de  merveilleoz  & 
integrer  avec  M.  Hennite  le  long  d'un  parallelogramme  de  periodes 
et  a  obtenir  ainsi  d'un  trait  de  plume  les  principales  proprietes  des 
fonctions  doublement  periodiques?  La  fafon  dont  Riemann  pose  et 
resout  dans  sa  dissertation  inaugurale  le  probleme  des  integialea  abd- 
liennes  n'est  pas  moins  dlgne  d'etre  meditee  comme  ezemple  d'one 
mitliode  STnthetique  dans  la  theorie  des  fonctiona. 


n  n'est  plus  donteux  anjourd'bui  que  les  principes  essentiels  qui  sont 
B  la  base  de  la  tbdorie  n'aient  ete  connus  de  Gauss.  On  sait  que  oelui-oi 
ne  publia  pas  ses  reohetobes  sur  oe  sujet.  On  ne  pent  guere  admettre 
qa'il  n'en  ait  pas  saisi  la  haute  importance;  fidele  a  sa  devise  "pauca  sed 
matnra  "  U  attendait  sans  doute  de  s'etre  livre  a  une  plus  longue  elabora- 
tion, quand  Cauchy  fit  oounaitre  ses  decouvertes.  On  doit  done  regarder 
Cauohy  comme  le  veritable  f  ondateur  de  la  theorie  appelee  a  un  si  grand 
avenir;  non  pas  oertes  qu'il  Tait  presentee  sous  une  forme  didactique. 
Ouvrant  des  voies  nouvelles,  son  esprit  toujours  en  traviul  se  souciait  peu 
de  donner  k  ses  conceptions  une  forme  parfaite.  On  suit  le  travail 
d'inveation  dans  maintes  publications  de  Cauoby,  notamment  quand  on 
pareourt  dans  ses  CEuvres  Completes  les  notes  innombrables  eztraites  des 
Comptes-Rendus.  Dans  la  theorie  qui  nous  occupe,  une  place  &  part  doit 
Stre  faite  a  I'idee  fondamentale  d'etendre  la  notion  de  I'integrale  definie 
en  faisant  passer  la  variable  par  une  snccession  de  valeurs  imaginaires ; 
cette  conception  a  ete  la  source  des  plus  belles  decouvertes,  et  la  represen- 
tation d'une  fonction  par  une  integrale  le  long  d'on  contour  ferme  gardera 
a  jamais  le  nom  d'integrale  de  Cauchy. 

Le  point  de  depart  de  Riemann  se  rapproohe  beaucoup  de  oelni  de 
Cauchy ;  il  est  tres  philosophique  de  prendre  comme  base  les  deux  equa- 
tions simultanees 

dtt     3o     3i*_  _  dv 
dz      dy    dy         dx 
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fit  de  reduire  aiosi  la  th^rie  des  fonctions  d'une  variable  oomplexe  k 
I'etude  de  oes  deax  eqaations  simultanees  aux  derivees  partiellea.  En 
meme  temps  apparaissent  les  liens  entre  cette  etude  et  pluffleurs  questions 
de  phyaiqae  mathematique  comme  le  roouvemeDt  permaDent  dea  flnides 
sur  un  plan  et  celui  de  I'electricite  sar  une  plaque  condnctrice ;  et  tous 
cea  problemes  sont  susceptibles  d'etre  generalises  si  au  plan  simple  dans 
lequel  se  meut  la  variable  (x,  y)  on  substitue  le  plan  multiple  de  Riemann. 
Les  denx  relations  eorites  plus  haut  amdneat  a  considerer  I'equation  Au=  0, 
equation  qui  contient  toute  la  theorie  des  fonctions  d'une  variable  com- 
plexe,  et  parmi  les  problemes  qu'on  peut  se  poaer  sur  cette  equation  le 
plus  celebre  est  oelui  de  la  determination  d'une  integrals  par  ses  valeura 
sur  un  contour  ferme.  Une  application  d'une  autre  nature  conceme  la 
geometrie ;  je  veux  parler  du  probleme  dea  cartes  geograpbiques  qui  amene 
&  la  question  de  la  representation  confonne  d'une  aire  aur  une  autre. 

WeierstrasB  a  edifie  la  tbeorie  des  fonctions  de  variables  complexes  sur 
one  autre  base  que  Caucby  et  Riemann,  en  partant  des  developpements  en 
series  entieres  ;  en  France,  ces  developpements  avaient  6te  aussi  envisages 
par  M.  Meray  qui  n'avait  pas  connaissance  des  le^^ons  de  Weierstrass. 
Le  memoire  publie  en  1876  par  I'illustre  analyste  de  Berlin,  qui  a  fait 
connaitre  a  un  public  plus  etendu  les  resultats  developpes  depuis  long- 
temps  dans  Tenseignement  du  maitre,  a  ete  le  point  de  depart  d'un  grand 
nombre  de  travaux  sur  la  theorie  des  fonctions.  Cancby  avait  dej&  obtena 
d'importants  resultats  sur  le  developpement  en  sommes  oa  en  produits 
infinis  de  certaines  categories  de  fonctions.  H  etait  reserve  a  Weierstrass 
et  a  ses  diaciplea  de  traiter  oes  questions  dans  toute  leor  generalite.  La 
decomposition  des  fonctions  entieres,  c'est  a  dire  des  fonctions  uniformes 
et  continues  dans  tout  le  plan,  en  factenrs  primurea  est  un  des  plus 
admirables  tbeoremee  de  Tanalyse  moderne ;  chacun  de  facteurs  primaires 
est  le  produit  d'un  facteur  lineaire  par  une  exponentielle.  Les  developpe- 
menta  des  fonctions  uniformes  en  sommes  et  en  produits  infinis  out  fait 
ensuite  I'objet  d'un  grand  nombre  de  travaux  parmi  les  quels  il  faut  citer 
tout  particulierement  le  memoire  de  Mittag-LefQer  qui  a  aborde  ces  prob- 
lemes avec  la  plus  grande  generalite  possible.  Je  rappelleiai  aussi  un 
memoire  de  M.  Runge  auquel  des  rechercbea  toutes  recentes  vienneut  de 
ledonner  de  I'actualite,  oft  se  troave  en  particuUer  etabli  que  toute 
fonotion  holomorphe  dans  un  domaine  connexe  peut  dans  ce  domaine 
6tre  developpee  en  une  serie  de  polynomes. 

Canohy  et  ses  disciples  fransais,  en  etudiant  la  tbeorie  dea  fonctions 
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uniformes,  D'avaieDt  pas  p^netre  dans  I'etude  de  ces  points  singulidrs 
appeles  aujourd'hui  points  singoliers  essentiela,  dont  le  point  s  =  0  pour 
la  fonc^ion  e'  donne  I'ezemple  le  plus  simple.  La  consideration  des 
factenrs  primaires  penuit  a  Weierstrass  de  montrer  que  dans  le  roisinage 
d'un  point  esaentiel  isole  une  fonction  uniforme  pent  se  mettre  sous  la 
forme  d'un  quotient  de  deux  fonctions  uniformes  n'ayant  pas  de  poles 
dans  le  voisiaa^  de  a  ;  Weierstrass  montra  aussi  que  dans  le  voisinage 
d'un  tel  point  la  fonction  s'approche  autant  que  Ton  veut  de  toute  valeur 
doanee.  On  a  plus  tard  complete  oe  resultat,  en  etablissant  que  dans  le 
voisinage  d'un  point  singulier  esaentiel  isole  la  fonction  prend  rigoureuse- 
ment  une  infinite  de  fois  toute  valeur  donn6e,  une  exception  seulemeat 
etant  possible  pour  deux  valeurs  particolieres  au  plus.  Iia  demonstra- 
tion de  oe  theoreme  se  deduit  de  la  consideretioQ  d'une  fonction  pre- 
sentant  precisement  la  propriete  qu'on  veut  demontrer  etre  impossible  ; 
cette  fonction  est  la  fonction  modulaire  de  la  theorie  des  fonctions 
eUiptiques,  mais  ses  points  singuliers  ne  sont  pas  isoles.  Un  coroUaire 
dtt  theoreme  indique  couduit  k  la  proposition  sulvante  relative  aux  fonc- 
tions entieres :  si,  poui  une  fonction  entiere  O'Ck)  il  eziate  deux  valeurs 
a  et  6  telles  que  les  deux  equations  0-(z')  >=>  a  et  0-(p)  =  h  aient  seulement 
un  nombre  limite  de  raoines,  la  fonction  (?(c)  est  un  polynome. 

De  nombreuses  tentatives  ont  ete  faites  pour  demontrer  direotement 
lea  th6ordmes  precedents  saus  recourir  &  la  theorie  des  fonctions  eUip- 
tiques.    Pour  le  thSoreme  sor  les  fonctions  entieres,  M.  Hadamard  avait 

r6uBSi  &  I'etabUr  quand,  la  fonction  entiere  etant  representee  pu  y  a,^, 

on  a  («■,)<  T= — 5 r;.  a  etant  positif.     Plus  recemment  M.  Borel  est 

arrive  a  le  demontrer  pour  toutes  les  fonctions  entieres  et  meme  k  le 
generaliser  oonsiderablemeut. 

Les  travaux  de  M.  Hadamard  et  de  M.  Borel  public  dans  ces 
deroieres  annees  sont  extremement  remarquables.  Dans  ces  recberohes, 
une  notion  importante  introdolte  par  Laguerre,  celle  du  genre  d'une 
fonction  entiere,  joue  un  rdle  capital ;  ce  qui  fait  I'interet  de  cette 
notion,  o'est  qu'elle  est  intimement  liee  a  la  distribution  des  raoines 
de  la  fonction.  M.  Foincare  avait  fait  le  premier  la  remarque  que 
le  genre  d'une  fonction  entiere  est  en  relation  etroite  avec  I'ordre  de 
grandeur  de  la  fonction  pour  les  grandes  valeurs  de  la  variable.  M. 
Hadamard  a  ohercbe  une  limite  du  genre  k  I'aide  des  coefficients  du 
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d^Teloppement,  et  il  a  ^tabli  qae  si  le  coefficient  de  of  eet  moindre  que 

p  la  fonction  est  de  genre  H  en  deaignont  par  S+1  rentier 

(1  ■  2  ■••  my 

immediatement  sup^rieur  &  X.  II  a  renssi  anssi  a  demontrer  qne,  en 
designant  par  ^(m)  une  fonction  croissant  indefinimeut  avec  m,  si  le 
coefficient  a^  decroit  plna  vite  que  la^i***  racine  a  un  module 

BuperieoT  a  (1  —  t)^(j>')  oil  «  eet  infiniroent  petit  poor  p^^oo  .  De  see 
r^oltats,  M.  Hadamard  a  fait  une  belle  application  k  I'etnde  de  la  distri- 
bution des  raoines  d'une  fonction  celebre  consideree  par  Riemanu  dans  son 
memoire  but  lea  nombrea  premiers. 

Dans  son  travail  sur  les  zeros  des  fonctions  entieres,  M.  Borel  a  eu 
aurtout  poor  objet  la  demonstration  de  I'impossibilite  de  certaines  iden- 
tites.  Soit  ^(r)  one  fonction  positive  croissant  indeflniment  avec  r. 
Designons  par  <?,(z)  une  fonction  entiere  dout  le  module  maximum  pour 
(z)  E3  r  est  inferienr  a  «*''>,  et  Si(e)  une  fonction  entiSre  dont  le  module 
mftTiimim  est  euperieur  h  \jt(r)y*',  a  etant  positif ;  I'identite 

ne  peut  avoir  lieu  que  si  tous  les  (?  sont  identiquement  nuls.  En  particu- 
lier  pour  n  =  2,  une  pareille  identite  ne  peut  exister,  (7^  etant  une 
constante,  O-^  et  O-^  des  polynomes :  c'est  le  tbeoreme  enonce  plus  haut  sur 
les  fonctions  entidres. 

Apres  ces  rSsultats  but  les  fonctions  holomorphes  dans  tout  le  plan, 
revenons  auz  series  entidres  dont  le  rayon  de  convei^enoe  est  fini.  Une 
telle  serie  donne,  pour  employer  le  langage  de  Weierstraaa,  un  element  de 
fonction,  en  snpposant  bien  entendu  que  le  rayon  de  convergence  n'est 
pas  nol.  L'extension  analytique  d'nn  tel  element  joue  un  role  capital 
dans  la  theorie  de  Weierstrass ;  il  est  dans  cette  etude  du  plus  baut 
ittteret  d'avoir  des  renaeignements  sur  les  singularites  de  la  fonction  sur 
le  cercle  de  convergence.  Le  memoire  de  M.  Darboux  sur  I'approxima- 
tion  des  fonctions  de  tres  grand  nombres,  les  recbercbes  plus  recentea  de 
M.  Hadamard,  de  M.  Borel  et  de  M.  Fabry  ont  conduit  a  des  resultats 
d'un  haut  interfit.  Je  ne  veux  signaler  qa'une  consequence  curieuse, 
entrevue  dejk  par  M.  Pringsheim ;  c'est  qu'une  serie  entiere  a  en  general 
son  cercle  de  convergence  comme  coupure.  On  sait  que  Weierstrass  a  le 
premier  indique  un  ezemple  d'un  serie  entiere  ne  pouvant  €tre  prolong6e 
analytiquement  au  dela  de  son  cercle  de  convergence,  et  oet  ezemple 
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detoame  provenait  da  la  theorie  dee  fonctions  elliptiques.  JQ  est  Tiai- 
meot  smgulier  que  Ton  ait  eu  autrefois  quelques  difficultes  pour  trouver 
des  exemples  de  ce  que  I'ou  doit  considerer  maiutenant  comme  la  circon- 
stance  la  plus  fiequente. 

Parmi  les  methodes  proposees  pour  I'etude  de  la  aerie  prolocgee  au 
dela  de  sou  cercle  de  coDvergeuoe,  il  en  est  deux  qui  sont  particull^re- 
inent  simples.  La  premiere,  employee  par  M.  E.  Lindeloff  repose  but  la 
theorie  de  la  representation  conforme;  la  seconde  utilise  la  notion  de 
serie  divei^ente  sommable  resultant  des  travauz  de  M.  Borel.  Cette 
notion  semble  deroir  jooei  dans  plusieors  questions  d'analyse  un  role 
important.  J'en  indiquerai  en  deux  mots  le  prinoipe.  Soit  nne  serie, 
«o  +«!+  —  u,  +  — ;  on  lui  assooie  la  fonction  de  a: 

•Co)  =  «o  +  «i«  +  i^  +  "•  +  it|t^  +  - 
L'expressioD 

8=  Cu(a')e*da 

pent  avoir  un  sens  quand  la  serie  initiate  est  divergente ;  on  la  regarde 
alora  comme  la  limite  de  la  serie.  En  appliquant  oette  notion  k  la  pro- 
gression geometrique  qui  represent©  :j ,  et  en  se  servant  de  I'integrale 

de  Gauohj,  on  est  alors  condoit  &  une  expression  analytique  qui  dans  bien 
des  cas  repiesente  la  fonction  dans  une  aire  exterieure  au  cercle  de  con- 


Je  ne  pais  songer  k  rappeler,  ne  fut-ce  que  d'nn  mot,  les  etudes  lee  plus 
importantes  f  aitee  tout  recemment  snr  le  proloagement  analytique.  Arre- 
tons  nous  seulement  sur  un  resultat  que  vient  de  publier  M.  Mittt^-LefBer. 
Considerons,  aveo  I'Sminent  geomcttre  suedois,  un  element  de  fonction  dans 
son  cercle  de  convergence,  et  sur  cbaque  rayon  euivone  la  fonction 
jusqu'a  ce  que  nous  renoontrions  un  point  singulier,  oelui-ci  pouvant 
d'ailleurs  etre  a  Tinfini.  On  ne  garde  sur  chaque  rayon  que  la  portion 
comprise  entre  le  centre  et  le  premier  point  singulier,  et  on  obtient  ainsi 
une  aire  que  M.  Mittag-Leffler  appelle  Vitoile  correspondant  a  I'element 
de  fonction.  II  montre  qu'on  peut  obtenir  une  representation  de  la  fonc- 
tion  dans  toute  T^toile,  sous  la  forme  d'une  aerie  ayant  pour  termes  dee 
polynomes  en  x  dont  les  coefficients  aont  lineaires  par  rapport  anx  coeffi- 
cients du  d^veloppement  initial ;  de  cette  fagon,  quand  on  a  en  un  point 
la  valeur  d'une  fonction  analytique  et  de  toutes  see  derivees,  on  peut 
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obtenir  a  I'aide  de  ces  seoles  donnees  one  representation  de  la  fonction 
valable  dans  toute  una  etoile.  Ce  reeultat  ponrra  peut-etre  avoir  uu  cer- 
tain interet  ponr  la  theorie  des  equations  differentielles ;  il  fant  tontefois 
observer  que  dans  ce  cas  la  metbode  de  Caucby,  comme  nous  TaTona  dit 
bier,  conduit  an  meme  resultat.  Ainai  les  series  considerees  bier  (page 
18),  constituent  des  developpements  valables  dans  une  etoile. 

None  avons,  dans  ce  qui  precedet  considere  un  element  de  fonction,  c'est 
i  dire  que  la  8&ie  ,,,_»,  ^-^ 

avait  un  rayon  de  convei^nce  difEerent  de  zero.  Si  la  serie  precSdente 
ne  oonver^  que  pour  a;  =a  0,  elle  ne  repreaente  rien  et  11  semble  qu'il  n'y 
ait  aucun  probleme  a  se  poser  a  son  sajet.  Cependant  nous  avons  donn4 
bier  dee  exemples  d'equations  difEerentielles  conduisaut  a  de  tela  developpe- 
ments; la  deriv^  d'on  ordre  quelconqne  m  de  oertainea  integroles  dans 
un  certain  angle  ayuit  I'origine  ponrsonmiet  tend  vers  1  -2---ni>aH,quand 
X  tend  vers  zero  a  I'interieiir  de  I'angle  convenable  A.  Ges  conditions  re- 
latives aux  valeurs  des  derivees  ne  peuvent  manifestement  determiner  nne 
seule  fonction  dans  Tangle  A  prds  de  I'origine,  car  on  peut  &  une  pre- 
miere fonction  ajouter  une  exponentielle  de  la  forme  «-**  (a  etant  convena- 
blement  cboisie)  dont  toutes  lea  derivees  sont  nulles  a  Torigine ;  mais,  en 
appUquant  sa  metbode  de  sommation  des  series  dlvergentes,  M.  Borel  est 
conduit  i  impoaer  une  condition  supplementaire  et  a  obtenir  idors,  dans  des 
cas  etendus,  une  fonction  unique  determiuee  par  la  serie  divergente  (1). 


Lea  divers  travanz  que  je  viens  de  rappeler  montrent  aveo  quelle 
activite  lea  analystes  se  sent  oocnpes  dans  ces  demiers  temps  des  gene- 
ralites  eonoemant  les  fonotions  analytiques  d'une  variable.  La  tbeorie 
generale  des  fonotions  de  plusieurs  vafiables  avance  beaucoup  nunns 
rapidement ;  lea  questions  qui  se  posent  ici  sent  beaucoup  plus  difficiles, 
tant  en  elles-mgmes  que  par  le  defaut  d'une  representation  qui  fasse 
image.  Nous  suivons  une  variable  oomplexe  sur  son  plan,  mais  avee 
deux  variables  complexes  nous  nous  tionvons  dans  un  espace  a  quatre 
dimensions,  ou  de  plus  les  diverses  coordonnees  ne  se  presentent  pas 
symetriqaement.  Au  lien  de  deux  equations,  noos  avons  quatre  equa- 
tions aux  derives  partielles  aoxquelles  doivent  satisfaire  deux  fonotions 
de  quatre  variables.  L'elimination  d'une  des  fonctions  conduit  pour 
I'autre  a  un  syst^me  de  qnatre  equations  aux  derivees  partielles  qui 
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remplaoe  I'equation  de  Laplace,  mala  qui  n'a  pas  ete  etndie  directement 
comme  cette  demidre  equation.  H  semble  qu'oii  ne  puisse  pour  ce  S78- 
teme  se  poser  aucun  probleme  analogue  a  celui  de  Diriohlet  et  de  Rie- 
maim  ;  nous  ne  troavonB  ici  auonoe  analogie  entre  le  cas  d'une  variable 
et  celui  de  deux  yariableB. 

A  UQ  autre  point  de  vue,  le  deTeloppement  de  Taylor  k  deux  variables 
peut  bieu  aervir  a  defioir  un  element  de  fonction,  mais  nous  n'avons  rien 
d'analogue  au  cercle  de  convergence.  Que  sont  les  regions  de  conver- 
gence pour  ua  tel  d^veloppement  ?  II  faudrait  considerer  des  sarfaoes 
dans  rhyperespaoe  4  qnatre  dimendonB ;  aucune  regie  n'etant  connue 
a  cet  egard,  on  ae  borne  k  considerer  denz  cercles  assez  petits  dons  lea 
plans  respectifa  des  deux  variables,  oerdes  &  rinterieur  desquela  la  aerie 
eat  convergente. 

Lea  tbeordmes  gdn6raux  but  les  fonctiona  analytiquea  de  denx 
variables  complexes  sont  pen  nombreux.  Une  remarque  sonvent  utile 
a  ete  faite  il  y  a  longtemps  par  Weierstrass ;  elle  a  en  quelque  sorte 
ponr  objet  de  mettre  en  evidence,  dans  une  fonctiou  de  n  variables 
holomorpbes  autour  de  Zj  =  0,  •■-,  x^=  0,  et  s'annulant  pour  ces  valours 
dea  variables,  la  partie  de  la  fonction  qui  s'annule.  Weierstrasa  montre 
que  autour  de  24  =  ■■■  =  a^  =  0  la  fonction  peut  se  mettre  sons  la  forme 
d'un  produit  de  deux  facteurs  holomorpbea,  dont  Ton  ne  a'annule  pas 
a  I'origine  et  dont  I'autre  est  uo  polynome  par  rapport  a  I'une  des 
variables.  Une  autre  propoaition  d'une  demonstration  delicate  eat  due 
k  M.  Poincare  et  a  pour  objet  de  generaliaer  le  tbeordme  de  Weierstrasa 
relatif  aux  fonctiona  nniformea  d'une  variable  n'ayant  k  diatance  finie 
qua  des  pdlea,  fonctions  qui  peuvent  ae  mettre  sous  la  forme  d'uh  quotient 
de  deux  fonctiona  entierea.  Pareillement  une  fonction  de  deux  variablea 
qui,  pour  toutes  les  valeurs  finies  des  variables  prdsente  le  caractere  d'une 
fonction  rationnelle  peut  etre  mise  sous  la  forme  d'un  quotient  de  deux  fonc- 
tions entidres.  Ce  beau  tbeoreme  a  ete  etendu  par  M.  Cousin,  qui  a  suivi 
une  toute  autre  voie,  aux  fonctions  d'un  nombre  quelconque  de  variablea. 

On  doit  encore  k  M.  Poinoare  un  resultat  bien  saillant :  je  veux 
parler  de  I'extension  aux  integralea  doubles  du  tbeoreme  fondamental 
de  Caucby  relatif  aiii  integrales  simples  prises  le  long  d'un  contour.  H 
n'y  a  paa  de  difficulte  a  definir  une  integrale  double  d'une  fonction 
F(x,  y)  de  deux  variables  complexea  z  et  y 


ff^^  y'ydxdy 
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sar  nn  continavun  &  deux  dimensions  situe  dans  I'bjperespace  h  quatre 
dimensions  qui  correspond  aux  deux  variables  complexes.  Si  le  con- 
tinuum est  ferme,  et  qu'on  puissa  le  reduire  a  une  ligne  on  4  un  point 
sans  que  F  cesse  d'etre  continue,  I'integrale  sera  nulle.  Ce  resultat 
conduit  a  poser  un  grand  nombre  de  questions.  Si  F  est  une  fonction 
rationelle,  U  y  a  lieu  de  considerer  les  r^tidut  de  I'integrale  double  ;  oes 
residus  s'expriment  par  des  periodes  d'integrales  abeliennes  ordinaires. 
Si  F  eat  une  fonction  algebrique  de  x  et  y,  on  aura  a  euTisager  les 
p4riode»  de  I'int^rale  double,  et  on  voit  a'ouTtii  un  vaste  champ  de 
recherches.  On  a'aper^oit  d'ulleais  bien  vite  que  si  certaines  analogies 
subsistent  av^  le  oas  d'une  variable,  il  en  est  beancoup  d'atttres  qui 
disparaissent  entierement.  Des  integrales  le  long  d'on  contour  ont 
donne  a  Cauchy  le  nombre  des  racines  d'une  Equation  contenues  dans 
ce  contour,  mius  dans  la  question  correspondante  du  nombre  des  racines 
communes  a  deux  equations  simultanees,  les  integrales  doubles  n'ont 
aucun  role  a  jouer ;  ce  sont  des  integrales  triples  etendues  k  nn  ceftiun 
continuum  a  trois  dimensions  qui  interriennent  dans  cette  recherche. 

Je  parlais  tout  a  I'heura  de  la  dissymetrie  qui  se  preaente  au  point 
de  Tue  reel  dans  la  theorie  des  fonctions  de  deux  variables  complexes. 
n  etait  interessant  de  rechercher  si  11  n'est  pas  possible  de  generaliser 
les  deux  equations  aux  derivees  partieUes  de  la  theorie  d'une  foncticm 
d'une  variable.  Le  probleme  est  ^videmment  indetermine  ;  tout  depend 
de  la  propriety  de  cea  equations  sur  loquelle  on  porte  specialement  son 
attention.  On  pent  ae  placer  au  point  de  vue  smvant :  rechercher  tons 
les  systdmes  d'equations  aux  derivees  partielles  relatifs  k  n  fonctions  de 
»  variables  independantes  et  telles  que,  si  u^,  u^  ■-■  «„  et  v,,  v^  ■•• »,  dS- 
signent  deux  solutions  quelconques,  les  v  considerees  comme  fonctions 
des  «  satisfassent  au  meme  systeme.     Cette  propriete  appartient  evidem- 

ment  aux  deux  equations  ="  ~  a~'  a~  ^  ~  aZ-     ^  recherche  de  ces  sys- 

temes  pent  se  faire  d'une  maniere  reguliere,  et  pent  ae  dednire  de  la 
connaissance  dee  certains  groupea  d'ordre  fini ;  ainsi  tons  les  systemes 
du  type  precedent  d'equations  aux  derivees  partielles  du  premier  ordre 
pourront  etre  ohtenus  k  I'aide  des  groupes  lineaires  et  homogenes  k  n 
variables.  II  est  possible  que,  parmi  tons  cea  aystemes,  il  en  est  qui 
presentent  quelque  interet  particulier,  et  avec  lesquels  on  puisse  edifier 
une  theorie  plus  ou  moins  analogue  a  la  theorie  d'une  fonction  d'lme 
variable  complexe.     Le  cas  de  n  =  3  ne  donne  rien  d'interessant ;  pour 
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no 4,  on  poarrait  prendre  d'abord  le  groupe  lineaire  qui  donne  naiasance 
aux  quaternions,  U  lui  correspond  on  sjsteme  d'eqaatiooB  difierentielles 
qui  preaente  peut-etre  quelque  interet. 

Cette  extension  de  la  theorie  dee  foncdons  d'une  variable  complexe 
n'est  pae  la  seule  qui  ait  ete  proposea.  M.  Volterra  a  cherche  dans  une 
autre  vofe  en  conaiderant  dee  foactions  de  ligne,  ce  qui  I'a  conduit  & 
d'intereasantea  relations  difEerentielles  et  &  qnelques  problemea  analogues 
4  ceux  de  Diriohlet.  L'aTenir  dira  si  oes  extensions  sont  aimplement  des 
carioutes  on  ai  elles  presemtent  quelque  iut6r6t  generaL 


Qnittons  muntenant  les  geniralites  et  jetens  nn  coup  d'oBil  snr 
quelqnea  fonotioos  speciales.  II  n'en  est  pas  qui  aient  etc  plus  etudiees 
que  lea  fouctions  alg6briqaea  d'une  variable ;  c'est  en  faisant  leur  etude 
que  Fniaeux,  dana  un  memoire  reste  celebre,  a  appele  I'attention  sur 
I'interSt  que  preaentait  la  consideration  de  la  variable  complexe.  On 
a  quelque  peine  a  se  repr6senter  qu'il  a  paru  merveilleux  que  V*  et  —  V» 
puissent  etre  oonsiderees  comme  deux  determinations  d'une  meme  fonc- 
tion;  c'est  dans  ce  memoire  anssi  qu'apparait  pour  la  premiere  fois 
I'origine  de  la  periodicite. 

La  theorie  des  fonctdons  algebriques  est  dovenue  un  confluent  ou  se 
lencontrent  les  notions  les  plus  diversea ;  ohacun,  suivant  sea  gouta,  pent 
J  trouver  les  pointe  de  vne  qu'il  prefere.  Avec  les  methodea  de  Weier- 
strasa,  nous  trouvons  la  precision  extreme  qui  caracteriae  aon  ^ole,  et  le 
Bouci  constant  de  n'introduire  aucune  consideration  etrangere  &  la  tii6orie 
dea  fonctiona  fut  ce  au  priz  de  detours  longa  et  peniblea.  Celui  qui  aime 
le  langage  et  les  formes  de  raiaonnement  de  la  g^ometrie  analytique 
sniyra  Brill  et  Noether  dana  leur  theorie  ai  feconde  dea  groupea  de 
points.  Ceux  enfiu  qui  recherchent  les  grands  horizons  auront  plaiair 
a  lire  Riemann  qui,  avec  la  merveilleuse  conception  de  la  aurface  qui  porto 
son  nom,  rend,  pour  ainai  dire,  intnitifa  lea  points  les  plus  delicate  de  la 
t^^rie.  Ce  aerait  d'ailleuis  une  vue  etroite  que  de  regarder  aeulement 
la  belle  conception  de  Riemann  comme  une  methode  simplicative.  Four 
Riemann,  le  point  essentiel  eat  dana  la  conception  d  priori  de  la  surface 
CODaexe,  formee  d'un  nombre  limite  de  f euillets,  et  dans  le  fait  qu'k  une 
telle  surface  con^ue  dana  touto  sa  generalite  correspond  une  olaase  de 
courbes  algebriques.  De  plus,  on  peut  envis^er  des  surfaces  de  Riemann 
a  on  nombre  infini  de  femllets,  et  les  travaux  de  Poincare  out  montre  le 
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rdle  utile  qu'elles  peuTent  jouer  dans  Tetade  dea  fonoUons  non  unlformee. 
On  salt  aussi  I'iinportanoe  qa'&Tait  pour  Riemaim  le  piobleme  de  la  repre- 
aentatioD  oonforme ;  le  cas  de  la  representation  conforme  des  aires  & 
connexions  multiples  a  ete  traite  par  M.  Schottky  dans  un  tres  beau 
memoire  ou  I'auteur  se  montre  disciple  de  Weierstrass,  mais  qui  se  rat- 
tache  naturellement  a  Tordre  d'idees  de  Riemann.  A  une  aire  plane 
percee  de  p  trous,  envisagee  comme  ajant  une  face  superieure  et  one  face 
inferieure  correspond  une  courbe  algebrique  de  genre  p ;  la  question  de 
la  representation  conforme  de  deux  aires  revient  alors  a  la  oorrespondanoe 
entre  lea  points  de  deux  courbes  algebriques. 

Aux  courbes  algebriques  se  rattachent  des  fonctions  extrSmement  re- 
marquables  d'une  variable ;  oe  sont  les  fonotiona  que  M.  Poincare  appelle 
fwslmeKntt  et  que  M.  Klein  designe  sous  le  nom  de  fonctions  automorphes. 
Four  les  coorbea  dea  genres  s4ro  et  itn,  on  pent  exprimer  lea  coordonnees 
par  des  fonctions  uniformea  d'un  parametre,  meromorpheB  dans  tout 
le  plan  (fonctions  rationnellea  et  fonctioas  doublcment  periodiques). 
II  etait  natnrel  de  chercher,  pour  lea  courbes  de  genre  superieur  a  un,  une 
representation  parametriqne  par  dea  fonctions  uniformes.  Des  tentatives 
Tariees  ont  probablcment  dte  faites  pour  resoudre  oette  question,  en  cber- 
chant  a  realiser  cette  expression  par  dea  transcendantes  n'ayaht  que  des 
poles  a  distance  finie.  De  telles  tentatives,  on  le  sait  aujourd'bui,  ne 
pouTaient  reussir,  car  on  pent  etablir  que,  entre  deux  fonctions  uniformes 
dans  le  voisinage  d'un  point  qui  est  pour  cbacune  d'elles  un  point  singulier 
eaaentiel  isole,  ne  pent  ezister  une  relation  algebrique  de  genre  superieur 
^  I'linite.  Lea  transcendfuites  a  employer  sont  d'une  nature  beaucoup 
plus  compliquee ;  les  uses  ont  un  cercle  comme  coupure  an  dela  duquel 
elles  ne  peuTent  etre  prolongees  analytiquement,  lea  autres  sont  definies 
dana  tout  le  plan,  mais  elles  out  sur  un  cercle  une  infinite  de  points  singu- 
liers  eseentiels  formant,  d'apres  la  denomination  de  M.  Cantor,  un  ensem- 
ble parfait  qui  n'est  pas  continu.  Les  celebres  memoires  de  M.  Poincare 
sur  les  fonctions  fucbsiennes  et  les  belles  recberches  de  M.  Klein  sur  le 
meme  aujet  ferment  un  dea  plus  beaux  chapitres  ecrits  dans  ces  Tingt 
demieres  annees  sur  la  tbeorie  des  fonctions.  Les  fonctions  automorphes 
f orment  une  generalisation  extremement  etendue  et  remarquable  des  fonc- 
tions modulaires  Studiees  par  M.  Hermite  dana  la  tfaeorie  des  fonctions 
elliptiquea,  et  des  fonctions  considereea  par  M.  Scbwarz  en  faiaant  dans 
certains  cas  I'inversion  du  rapport  de  deux  aolutiona  de  I'eqnation  hyper- 
g6omStrique.    Toute  cette  theorie  est  d'alUeurs  etroitement  liee  a  la 
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theorie  des  equations  linealres,  et  c'est  on  dea  r^BultatH  les  plus  saillsnts 
obteuuB  par  M.  Poincare  qu'avec  dea  tranaceudantes  analogues  aux  fonc- 
tions  fuchsidnnes  on  puiase  integrer  les  equations  diffeientiellea  lineairea 
a  coefficients  algebriqnea  n'ayant  qae  des  points  singuliers  regulieta  (au 
sens  de  M.  Fachs). 

Parmi  les  transoendantes  se  rattacfaant  aux  fonctions  algebriques 
citons  encore  lea  integrales  de  fonctions  a  multipUcateurs  etudiees  tout 
particulierement  par  M.  Appell.  Ce  soat  des  fonctions  n'ajant  sur  La 
surface  de  Riemann  que  des  poles  ou  des  points  singuliers  logarithnuques, 
et  dont  toutes  les  determinations  se  deduisent  de  Tune  d'entre  elles  par 
des  substitutions  de  la  forme  (u,  ou  +  &);  elles  generalisent  par  suite  les 
integrales  abeliennes  pour  lesquelles  les  a  sont  Sgaux  4  Tunit^.  Un  beau 
resultat  obtenu  par  M.  AppeLL  est  que  oes  fonctions  se  presentent  dana  la 
recherche  des  coefBoients  des  fonctions  abeliennes  de  deux  variables  quand 
on  lea  developpe  en  series  trigonometriqudS.  On  a  aussi  recherche  les  oas 
oii  rinversion  d'une  integrate  de  fonction  a  multiplicateurs  condoit  4  une 
fonction  uniforme,  mais  la  conclusion  a  ete  negatiye,  c'eat  k  dire  que  dans 
ce  cas  la  courbe  algebrique  est  necessairement  du  genre  zero  ou  du  genre 
on,  et  la  fonction  uniforme  obtenue  se  ramene  oii  des  transcendantes 


IV. 
Les  equations  differentielles  forment  une  mine  inepuis&ble  pour  ob- 
tenir  des  fonctions  speciales.  Les  equations  lineaires  ont  ainsi  conduit  a 
des  fonctions  jouissant  de  proprietes  bien  dednies.  Pour  les  equations 
nou  linealres,  M.  Fuchs  appela  le  premier  I'attention  sur  les  equations 
algebriques  du  premier  ordre  a  points  critiques  fixes  et  montra  comment 
ou  pent  reconnaitre  qu'on  se  trouve  dans  ce  cas.  M.  Poincare  fit  voir 
eusuite  qu'on  pouvait  ramener  ce  ess  k  des  quadratures  ou  aux  equations 
de  Riccati.  M.  Paitdeve  a  etendu  ces  resultats  en  consider&nt  les  equa- 
tions du  premier  ordre  dont  les  integrales  n'ont  qu*un  nombre  limite  de 
valours  autour  de  I'ensemhle  des  points  critiques  mobiles.  Une  des  con- 
clusions de  ses  recherches  est  que  Tintegrale,  supposes  trauscendante,  de 
toute  equation  algebrique  da  premier  ordre  qui  satis&it  a  la  condition 
precedente,  est  one  fonction  algebrique  de  I'integrale  d'une  equation  de 
Riccati  dont  les  coefficients  dependent  algebriqnement  de  ceux  de  I'equa- 
tion  donnee.  On  pent  se  proposer  des  problSmea  analogues  pour  lea 
^nations  differentielles  algebriques  d'ordre  superieur  au  premier.  11  se 
presente  ici  des  difficultes  considerables;  Tune  d'elles  tient  au  fait  suivant : 
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tandis  que  toute  transformstioD  biuniforme  d'une  coorbe  algebrique  en 
eUe-meme  (avec  singularites  isolees)  est  necessairemeat  birationnella,  il 
peut  arriTer  au  contraiie  qu'une  tramformatioD  biuniforme  d'one  sxirfaoe 
alg^brique  en  elle-mSme  ue  soit  pas  biiationnelle.  Une  seoonde  difficnlte, 
non  moinB  grave,  consiste  dans  Teziatenoe  poasible  de  aingnlarites  essen- 
tiellea  mobiles.  J'ai  indiqud  bier  la  distinction  faite  k  cet  egard  par  M. 
Painleve  entre  la  classe  geuerale  d'Squations  ne  possedant  pas  de  tela 
points  et  la  classe  singuliere. 

En  cberohant  a  etendre  aox  equations  dn  second  ordre  a  points 
critiques  fixes  la  metbode  qui  avait  reussi  a  M.  Poincare  pour  les  equa- 
tions du  premier  ordre  jouissont  de  la  meme  propriete,  on  est  arrete  imme- 
diatement  par  la  premiere  difficulte  signalee  plus  bant,  et  c'est  seulement 
dans  le  cas  on  I'intagrale  generale  de  I'eqnation  est  supposee  dependre 
algebriquemeut  des  deux  constantea  d'integration  que  I'dq  peut  poor- 
suivre  I'etude  sans  do  sSrieuses  difBcultea  ;  on  retombe  d'aOleurs  sur  des 
transcendantes  deja  connues.  M.  Painleve  a  fait  une  etude  complete  des 
antres  cas  qui  peuvent  so  presenter ;  I'integrale  generale  peut  encore  Stre 
ana  fonction  a^brique  d*Tine  seule  des  coustantes,  ou  enfin  dependre 
d'une  maoiere  transcendante  des  deux  constantes  (de  qnelque  fatfon  qu*on 
les  cboisisBe).  Ce  dernier  cas  seul  est  irredactible  anz  tranacoudantes 
classiques,  c'est  &  dire  ne  pent  etre  ramene  aux  quadratures  et  aux  equa- 
tions lineaires.  Ce  cas  se  preeente  d'aiUeurs  eSectiTement,  et  M.  Pain- 
\&v&  a  forme  ezplicitement  toutes  les  equations  du  second  ordre  de  la 
forme 

y"  =  J2(y.y',*) 

o^  R  est  rationnel  en  j/',  algSbrique  en  y  et  analytique  en  x ;  elles  se 
laisaent  ramener  a  doute  types  canoniques  tr^s  simples.  J'indiquerai 
seulement  deux  de  ces  equations  pour  lesqnelles  Tintegrale  g6a£rale  est 
uniforme, 

y"  =  2y'  +  ay  +  o  («=■  constante  numdrique) 

L'intdgrale  g^erale  de  I'une  et  I'autre  equation  eat  une  fonction  uni- 
f  orme  et  meromoipbe  de  x  dans  tout  le  plan,  et  cette  integrale  est  une 
transcendante  Traiment  noavene.  Ces  exemples  precis  montrent  com- 
bien  M.  Painleve  a  pousse  jusqu'an  bout  ses  profondes  recberches. 

Je  me  bomerai  a  dire,  relativement  aux  equations  du  troisieme  ordre, 
que  riutegrale  generale  peut  avoir  des  lignes  de  points  singuliers  esseo' 
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tiela.  On  en  a  facilement  des  exemplee  en  considerant  Teqaation  diffe- 
rentielle  algebrique  du  troisieme  ordre  a  laquelle  aatisfait  une  fonction 
automorphe  d'une  variable. 


Le  champ  dea  fonctioiiB  specialea  de  pluaienrs  Tariables  complezeB, 
dout  I'etude  a  ete  quelque  pen  approfondie,  est  assez  limite.  La  theorie 
des  fonctions  abelieunes  a  fait  I'objet  d'un  nombre  considerable  de  tra* 
vanx  qui  aont  trop  clasaiques  pour  que  je  ni*y  arrete  ici ;  les  memoires 
de  Riemann  et  de  Weieistrass,  les  etudes  de  M.  Hennite  sur  la  transfor- 
mation des  fonctions  abeliennes  sont  dans  toutes  les  memoires.  Apnea 
les  etudes  faites  sur  les  fonctions  fucbsiennes  d'une  variable,  il  etait 
naturel  de  chercher  des  transcendantes  analogues  pour  le  cas  de  deux 
variables  ;  on  devait  d'abord  se  demander  s'il  existe  des  groupes  dta<wn- 
fttttM  contenua  dans  le  groupe  lineaire  a  deux  variables 

\       '    au+  bv\-e     aa  +  bv  +  e) 

Un  saul  exemple  d'un  tel  groupe,  mais  bien  peu  utile,  s'offrait  a 
I'esprit,  celui  du  groupe  a  quatre  periodes.  Aucun  exemple  analogue 
ftu  groupe  modulaire  ue  se  presentait,  et  il  n'y  avait  rien  a  demander 
sax  06  point  a  la  theorie  des  fonctions  abeliennes,  au  moins  sous  sa  forme 
classique.  Par  quoi  d'aiUeurs  ae  trouverait  remplacee  ici  la  condition 
imposee  aux  substitutions  d'nn  groupe  fuchsien,  de  conserver  un  certain 
cercle  ?  L'etude  des  formes  quadratiques  temaires  &  indeterminees  coa- 
jugueea  vint  permettre  de  former  en  grand  nombre  les  exemples  cher- 
chees.  M.  Hermite  avait,  il  7  a  longtemps,  montre  1*interet  au  point 
de  vue  arithmetique  des  formes  quadratiques  binaires  a  indeterminSea 
conjuguees ;  les  formes  temaires  indefinies  conduisirent  a  de  nombreus 
groupes  du  type  (1),  diseontinus  a  I'interieur  d'une  certfune  hypersorface 
de  I'espace  k  quatre  dimensions.  Cette  surface  remplace  la  circonference 
de  la  tbdorie  des  groupes  fuchsiens.  Les  groupes  du  type  precedent 
fnxent  appelees  ffrovpet  hyperfuchnent ;  on  se  rend  aisement  compte  que 
leur  recherche  generale  constitue,  comme  pour  les  groupes  fuchsiena,  on 
problSme  oniquement  d'ordre  algebrique ;  maia,  toute  representation 
geometrique  faiaant  defaut,  cette  recherche  diiecte  serait  tellement 
penible  qu'elle  est  reellement  impratioable.  Anssi  les  exemples  fournis 
par  des  considerations    arithmetiques    Bont-ils    eztremement  precieux. 
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Anx    groupes    hyperfuchsiens    correapondent    des    fonctions  nniformes 
reatant  ioTariables  par  les  substitutions  du  groupe. 

Des  exemples  de  foaotions  h7i>eTfucliisieiuie8  d'une  nature  differeute 
peuvent  6txe  foumia  par  les  series  hypergeometiiques  de  deux  yariables. 
Une  telle  s^rie,  fonction  de  «  et  y  dependant  de  qnatre  parametres  arbi- 
traires  X,  /i,  fi^,  et  b^  satisfait  a  nn  systeme  de  troia  equations  lineaires  aux 
derivees  partielles  da  aecond  ordre,  ayant  trois  solntions  commnnoB 
lineaiiement  independantes.  Designant  cselles-oi  par  <Wj,  ctg,  Wg,  on  peut 
cheroher  dans  quels  cas  les  quotients 


donnent  pour  xet  y  dea  ionotions  uuiformeB  de  w  et  ».  Les  conditions 
sont  tree  simples ;  si  on  prend  deux  quelconques  des  qnatre  quantities 
X,  /*,  ft]  et  b^  soit,  par  exemple  \  et  b^,  la  difference  X  +  6^  —  1  doit  etre 
rinverse  d'un  nombre  entier  positif,  et  pareillement  si  on  prend  troia 
queloonqnea  de  ces  quantites,  soit  X,  /«  et  i^,  la  difference  2  —  X  —  f*  —  h^ 
eat  enoore  egal  a  rinverae  d'un  entier  positif.  Je  citerai  I'exemple 
X=:^x=ij  =  £,  =  -1  pour  lequel  le  polyedre  f ondamental  du  groupe  est 
tout  entier  k  VmUrieur  de  lliypereurface  limite. 

On  peut  g6neraliser  les  fonctions  fuohsiennes  en  considerant  d'autres 
groupes  discontinus  que  lea  groupea  hyperfuchsiens.  Une  substitution 
birationnelle  entre  deux  variables  u  et  v  n'est  pas  necessairement  lineaire, 
et  ce  aerait  un  probleme  interessant  mais  difficile  de  former  tons  lea 
groupea  discontinus  an  moins  dans  une  oertaine  region  de  I'faypereapace 
(u,  v)  de  aubatitntions  birationnelles.  En  dehors  des  gronpes  lineairea 
(hyperfucbaiena)  on  a,aeulement  considere  jusqu*ici  les  groupea  formes 
de  subatitationa  de  la  forme 


V^n*  +  <i/   V  c'v+d'J 


et  dee  snbstitaldona  on  «  est  remplaoe  par  une  fonction  lineaire  de  v  et 
inTflrsement.  Ce  sont  les  gronpes  hyperabSlient  qui  rentrent  evidemment 
dans  lea  types  des  anbstitntions  qxiadratiques ;  il  y  a  dans  oe  caa  deux 
domaines  frontddres.  H  y  aura  sans  doute  des  decouvertes  intereasantee 
&  f  ure  nn  jour  dans  le  obamp  trds  raste  des  groupes  discontinus  de  sub- 
Btitntions  birationnelles,  et  des  fonctions  correepondantea  (dans  le  cas 
ou  il  en  existera,  conune  il  arrive  poor  les  fonctions  hyperfnchsiennes 
et  hyperabeliennes). 
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VI. 

Noos  avoDfi  nppeld  tout  a  I'heure  le  brillant  dSveloppement  de  la 
th6om  dea  foDctions  algebriques  d'une  variable ;  lea  progrea  ont  etd 
beaucoap  plus  lents  dans  le  champ  de  deux  variables.  C'est  on  aujet 
en  pleine  ^boration,  et  que  I'on  attaque  de  plusieura  cotes.  Glebecb, 
se  pla^ant  au  point  de  vue  de  la  geometrie  analjtique,  sign&la  le  premier 
que,  pour  une  surface  algebrique  de  degre  m,  cortaines  surfaces  d'ordre 
f»  —  4  devaient  jouer  le  role  que  jouaient  lea  adjointes  d'ordre  m  —  8  par 
rapport  &  une  courbe  de  degre  m.  L'^tude  de  oea  aurfacea  d'ordre  nt  —  4 
a  4te  repriae  par  M.  Noetber  dans  un  memoire  de  grande  importance. 
Eq  se  pla^ant  au  point  de  vue  de  la  theorie  des  fonotiong,  voioi  I'or^ine 
de  ces  aurfacea.     Si  on  cherche  les  integrales  doubles 


//^(^S 


restant  tonjonrs  finies,  integralea  qu'on  appelle  lea  int^rales  doubles 
de  premiere  espece,  on  trouve  qu'eUes  sont  de  la  f<»me 


//^ 


Q  Staat  un  polynome  d'ordre  m  —  4.  Le  nombre  ^,  de  cea  polynomes 
lineairement  independants  est  ce  que  Ton  appelle  le  genie  g^om^trique 
de  la  aurfaoe ;  un  pareil  nombte  est  manifestement  on  invariant.  Jus- 
qn'ici  les  analogies  sont  completes  avec  les  courbes  ;  il  y  a  dea  int^^ea 
doubles  de  premiere  espdce,  comme  il  y  a  des  integrales  abeliennes  de 
premiere  esp^.  Mais  one  premiere  difference  va  de  suite  se  manifester. 
n  faut  calciiler  le  nombre  des  arbitrairea  qui  figurent  dans  les  poly- 
nomes  Q  d'ordre  mt  —  4  ae  comportant  aux  points  multiples  de  la  sur- 
face de  telle  maoiere  que  I'integrale  reate  finie.  Or  on  peut  trouver  par 
une  fonnule  precise  le  nombre  des  oonditions  unsi  entrainees,  mais  seule- 
ment  pour  on  polynome  d'un  ordre  sufBsamment  grand  ilT;  si  done  on 
&it  dans  cette  formule  iVo  m  —  4,  il  est  possible  que  Ton  trouve  un 
nombre  different  de  pg ;  on  designe  le  nombre  que  donne  la  formule  4 
laqnelle  je  fais  allusion  par  p„  et  on  I'appelle  le  genre  numerique  de 
la  surface.  Le  cas  le  plus  general  est  celui  ou  p„^Pti  quand  il  n*y 
a  pas  ^^alitS,  on  tip,<pg  et  la  aurfaoe  est  dite  irr%uli6re,  tandis  qn'eUe 
est  reguligre  si  p^  —  Pf  Cayley  a  le  premier  appel6  I'attention  sur  la 
curienae  ciroonstance  qui  precede ;  Zeutben  et  Noetber  gtablirent  ensuite 
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I'mvariance  du  nombre  p^,  quand  il  n'eat  pas  egal  k  py  Lea  surfaces 
reglees  offrent  un  exemple  de  surface  irreguliSre ;  en  designaat  par  w 
le  genre  d'une  section  plane  arbitraire  de  la  surface,  on  a 

n  y  a  poor  one  surfoce  des  polynomes  adjoints  d'ordre  queloonque. 
On  peat  lea  definir  facilement  an  point  de  vue  traDscendant  Si  la  surface 
a  une  position  arbitraire  par  rapport  aux  axes,  le  polynome  P(x,  y,  z) 
sera  un  polynome  adjoint  si  I'integrale  double 

*(x,ff,  z)dxdy 

reste  finie  k  distance  finie ;  la  surface  P  =  0  est  une  surface  adjointe. 
M.  Enriques  a  donne  une  tres  remarquable  interpretation  geometrique 
de  la  difference  p^  —  p^.  Les  adjointes  d'ordre  nt  —  4  +  r  decoupent  sur 
une  section  plane  determinee  d'ailleurs  urbitraire  une  serie  lineaire  de 
groupes  de  points  qui  pent  u'Stre  pas  complete  si  r  eat  assez  petit.  De- 
signons  par  ■»,  le  difaut  de  cette  serie  lineaire  par  rapport  k  la  serie  oom- 
pUte;  on  a 

la  somme  dans  le  second  membre  ne  cotnprend  qu'un  nombre  limits  de 
termes,  les  w  etant  certainement  nuls  a  partir  d'une  valeur  assez  grande 
de  r.  La  formule  preoedente  est  fondamentale  dans  I'etude  du  genre 
numerique. 

Nous  avons  parle  pins  haut  des  integrales  doubles  de  premiere  espece 
relatives  a  une  surface.  On  peut  aussi  developper  une  tbeorie  des  inte- 
grales doubles  de  aeconde  eipiee  dont  la  definition  est  la  suivante:  ce  sont 
les  integrales  qui  deviennent  infinies  comme 


//g 


£7'  et  F*  etant  des  fonctions  rationnelles  de  x,  y  et  2  \_f(x,  y,  >)  ™  0] .  Le 
nombre  des  integrales  distinotes  de  seconde  espece,  o'est  k  dire  des 
integrales  dont  ancune  combinaison  lineaire  n'est  de  la  forme  (a)  est 
fini  J  c'est  on  invariwit  de  la  surface.  Mais  il  n'en  est  plus  ici,  comme 
dans  le  cas  des  courbes  pour  lesquelles  le  nombre  des  integrales  abe- 
liennes  distinctes  de  seconde  espece  etait  egale  a  2^ ;  le  nouvel  invariant 
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d'mie  daase  de  aurfaces  algebriques  n'est  pas  US  au  genre,  aoit  geoiu^- 
trique  aoit  numerique. 

La  consideration  des  integrales  doubles  ae  se  presente  pas  seule.     On 
peut  anssi  envlBager  des  int^p^es  de  differentielles  toUiIea  de  la  forme 


Ji>  (*,  y,  «)<**  +  «  (^  y.  0  "iy 


ou  P  et  V  sont  ratdonnelles  en«,yetz,etil7a  enoore  lieu  de  parler  dea 
integrales  de  premiere  et  de  seoonde  esp^.  Mais  ioi  de  telles  integrales 
n'existent  paa  en  general,  c'est  a  dire  pour  una  surface  prise  arbitraire- 
ment,  et  o'est  une  question  assez  delicate  qne  de  reconnutre  si  iine  surface 
possede  des  integrales  de  aeconde  eepece  en  dehors  des  fonotions  ration- 
nelles. 

Lea  questions  de  connexitd  pr6sentent  aussi  tm  grand  interet  dans  la 
theorie  des  fonctions  algebriques  de  deux  variables  independantes,  mais 
quelquea  precantions  sont  ici  nScessaires.  Pour  one  surface  determinee, 
et  en  procedant  d'une  mani^  bien  preciaee,  on  peut  obtenir  deux  nombres 
correspondant  a  la  connexion  Itneaiie  et  &  la  connexion  a  deux  dimen- 
sions ;  le  premier  p^  est  veritablement  uu  Invariant  pour  toute  transfor- 
mation birationnelle,  tandis  que  le  second  p^  peut  etre  influence  par  la 
presence  de  points  fondamentaux  dans  la  correapondauoe  birationnelle. 
C'est  un  resultat  remarquable  que  le  nombrc  Pi—t  represente  le  nombre 
des  integrales  de  differentielles  totalee  diatinctes  de  seconde  espece  rela- 
tives EL  la  sur&ce.  Four  une  surface  arbitrairement  choiaie,  il  n'y  a  pas 
d'integrale  de  seconde  espece  et  on  a^,=  1. 

On  Toit  que  lee  points  de  vue  de  la  geometrie  anal3rtique,  de  la  theorie 
des  fonctions  et  de  la  geometrie  de  situation  ae  retrouvent  aussi  dans 
Tetude  des  aurfaces  algebriques,  maia  il  faut  ae  mefier  des  analogies  avec 
la  theorie  des  courbes.  Tout,  dans  oe  nouveau  domalne,  ae  presente 
d'une  maniere  plus  compliquee. 

Voici  encore  un  ezemple  de  cette  oomplexite.  Lea  courbes  dont  le 
genre  est  nul  ferment  la  classe  tres  restreinte-  des  courbes  unicursalea. 
Au  contrure  lea  aurfaces  pour  les  quelles  Pg^^  sont  extremement  varieea, 
et  on  peut  dana  ce  oas  considerer  un  nouvel  Invariant  que  M.  Eoriqnea  a 
deoouvert  et  qu'il  appelle  le  b^enre.  On  peut  le  definir  aisemont  dans  le 
cas  ou  la  surface  /  de  degre  m  n'a  qu'une  ligne  doable.  On  envisagera  & 
cet  effet  le  sjsteme  des  surfaces  d'ordre  2  m  —  8  (ne  se  composant  pas  de 
/  et  d'une  surface  d'ordre  m  —  8)  ajant  oomme  l^e  double  la  courbe 
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double  de  /;  le  bigeore  P  est  la  dimension  augmentee  d*mie  unite  de  ce 
eysteme.  Cette  notion  a  pennis  d,  M.  Castelnuovo  d'etablir  on  theorSme 
reellement  merreilleuz ;  il  s'agit  des  conditions  necessaires  et  suffiaantes 
pour  qu'une  surface  soit  unicnrsale.  On  pouvait  penser  que  ces  con- 
ditions seraieut  tres  oompliquees  et  non  snsceptables  d'une  forme  simple ; 
11  n'en  est  rien,  elles  se  reduisent  &  j?.  =  0,  P  >=  0.  Maia  je  dois  m'aireter, 
me  bomant  4  citer  seulement  le  memoire  si  elegant  de  M.  Humbert  sui 
les  surfaces  hyperelliptiquea  qui  donnent  un  tr^  int^iressant  exemple  de 
surfaces  irregulieres  pour  les  quelles  p,  =  —  1,  tandis  que  pg  =  1. 

Nona  avons,  messieurs,  jete  un  rapide  coup  d'ceil  8ur  quelqnes  lines 
dee  branches  de  la  science  mathematique.  Voua  avez  pu  tous  apercevoir 
plus  d'une  fois  de  Tembairas  dana  lequel  je  me  suis  trouve,  quand  j*ai 
Toulu,  pour  les  necessites  de  mon  exposition,  faire  une  classification  dans 
certaines  theories.  La  penetration  reciproque  dea  diverses  disciplines  est 
aujourd'hni  en  effet  nn  ieit  capital  et  sera  de  plus  en  plus  la  source  d*im- 
portantes  decouvertes.  A  cet  egard,  il  y  a  une  grande  difference  entre 
□otre  epoque  et  dea  tempa  un  peu  anterieurs.  Nous  arons  peine  aujour- 
d'hui  a  comprendre  certaines  histoirea  oil  on  voit  des  geomdtres  mepriser 
des  an&ljates  et  inveraement ;  nous  sentons  que  I'ere  des  ecoles  fermees  et 
6troitement  attaoh^ea  k  un  seul  point  de  yue  est  pour  toujours  terminee. 
n  est  bien  Traieemblable  que  I'erudition  jouera  a  I'aveDir  un  plus  grand 
role  qu*autrefois  en  maihematiques.  Les  mathematiciens  perdront  peut- 
Stre  ce  priTilege  de  la  precocite  qui  etonne  tant  de  personnes  ;  ils  se 
rapprocheront  des  pbysiciens  et  des  naturalistes  qui  doirent  en  general 
oommenoer  plus  tard  leurs  trarauz  personnela.  En  terminant,  je  me 
permettrai  de  donner  un  conaeil  aux  etudiants  mathematiciens  qui  m'ont 
&it  I'honneur  de  m'ecouter ;  je  leur  recommanderai  de  ne  pas  se  can- 
toQuer  trop  tot  dans  des  recherches  speciales.  H  leur  &ut  acquerii 
d'abord  des  vues  generates  sur  lea  diverses  parties  de  notre  acience,  sans 
lesquelles  leurs  efforts  risqueraient  de  rester  steriles,  et  qui  leur  colite- 
raient  plus  tard  un  bien  plua  grand  effort. 
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TIBER  DIE    GRUNDPRINCIPIEN   UND   GRUND- 
GLEICHTJNGEN  DER  MBCHANIK. 

ToH  Fbofessob  LuDwia  Boltzuahh. 


Ebstb  VosLESjjsa. 

Dn  analytiflohe  Meohanik  ist  eiue  Wissensoluit,  welohe  sohon  Ton 
ibrem  Begriinder  Newton  mit  solchem  Scharfsinne  nnd  soldier  Volleu- 
dung  aoagearbeitet  wnrdo  wie  es  in  dem  gesammten  Gebiete  menschliolieii 
WUsens  fast  ohne  Beispiel  dasteht.  Die  grossen  Meister,  wdobe  auf 
Newton  folgten,  haben  das  von  ihm  enichtete  Gebauds  noch  weiter 
gefestigt,  und  es  hatte  den  Anschein,  dasa  eine  vollendeteTe  und  einbeit- 
licbere  Sobdpfuug  des  Menscbei^istes  ala  die  Gnmdlehren  der  Me- 
obanik,  wie  sie  ons  in  den  Werken  von  Lagrange,  Laplace,  Poisson, 
Hamilton  etc.  entg^entreten  liberbanpt  nicbt  denkbar  ware.  Geiade 
die  Begrundung  der  eisten  Prinoipien  aobieu  von  diesen  Forscbem 
mit  einem  Scharfsione  und  einer  logisoben  Consequenz  durchgefiibrt,  die 
allezeit  das  Vorbild  lieferten,  welcbem  man  die  Begriindung  der  iibrigen 
Wissenszweige,  wenn  auch  nicbt  immer  mit  dem  gleichen  Erfolge,  nacb- 
zabilden  suchte.  Es  scbien  lange  ganz  unmogliob  dieaer  Begrtindnng 
iiberhaupt  nocb  etwas  binzu  za  fiigen  oder  daran  etwas  zn  andem. 

Um  so  aufiallender  nnd  nnerwarteter  ist  es,  daas  gegenwartig  banpt- 
saoblicb  in  DenteoMand  ziemlicb  lebbafte  Controversen  gerade  liber  die 
Grundprincipien  der  aoalytiflcben  Mecbanik  entstanden  sind.  Es  ist 
dies  gewiss  nicbt  so  zu  verstehen,  als  ob  die  Ebrfurcbt  und  Bewunde- 
rung,  die  wir  dem  Genius  eines  Newton,  L^range  oder  Laplace  zollen, 
daduTcb  ii^end  wie  geacbmalert  werden  sollte.  Dieae  baben  aaa  den 
klelnen  Anfangen,  welcbe  sie  yorfanden,  eine  fiir  alle  Zeiten  muste^iil- 
tige  Herrin  gesobaffen.  Sie  batten  bo  viel  des  thatsacbliob  Neuen  beraoa 
zu  arbeiten,  dass  sie  sicb  nur  aufgebalten  und  dem  einbeitlioben  Eiu- 
dnick  gesohadet  batten,  wenn  sie  bei  gewissen  Scbwierigkeiten  und 
Dunkelbeiten  zu  lange  verweilt  batten.    Aber  seitdem  ist  unsere  Eennt- 
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nis  Ton  Thatsachen  bedeatend  gewadisen,  unser  Verstand  ist  gesohult, 
so  dasa  viele  Vorstellimgen,  welohe  za  Zeiten  Kewtons  noch  den  Crelehr- 
ten  Scliwierigkeiten  machten,  nan  zum  Gemeingut  aller  geworden  sind. 
DaduToh  erhielt  man  MuBse  die  Coustnittion  dea  Newton'scKen  Gebaudes 
gewissermaBseo  mit  der  Lupe  zu  betrachten,  and  aiehe  es  ergabea  sich 
manche  Schwierigkeiten,  wie  ai«  sich  ja  dem  Menaofaangeiste  inuner 
gerade  da  am  meisten  entgegen  atelleu,  vo  er  die  einfachaten  Grund- 
lagen  der  Erkeimtnis  zu  analysiren  strebt. 

Dieae  Scbwierigkeiten  aind  freilicb  mebr  pbiloaopbiscber  oder  -ma  man 
beutzatage  aagt,  erkenntoiatheoretischer  Natur.  Wir  Deutsche  sind 
acbon  oft  and  viel  verlacht  worden  wegen  anserer  Neigung  zur  philoso- 
pbiacben  Speculation  und  in  frahereT  Zeit  sicher  oft  mit  Recht.  Eine  von 
den  Tbataaoben  al^kebrte  Ffailosophie  hat  nie  etwas  Biandtbares  herror- 
gebracbt  nnd  kann  es  nicht  herrorbringen.  Von  unmittelbar  greifbarem 
Natzea  ist  as  Tor  idlem,  ansere  Kenntnis  der  Thatsachen  durch  Experi- 
mente  zu  erweitem  and  aach  unsere  wissenschaftliohe  Naturkenntnia  wild 
zunacbat  tind  am  aosgiebigBten  in  dieaer  Weise  gefordert.  Aber  trotz 
alledem  acbeint  die  Neigang  die  einfachsten  BegtifFe  zu  analyairen  und 
sioh  iiber  die  Grnndoperationen  unaeres  Denkens  Reohenschaft  zu  geben 
im  Mensohengeiate  unbezwinglich. 

Viel  hat  sich  auch  die  Methode  dieaer  Analyse  im  Verlaufe  der  Zeit  ver- 
Tollkommnet,  ao  dass  dieselbe  beutzatage  wenn  anch  noch  keineswegs  sof ort 
praktisch  fmcbtbringend,  docb  lange  nicht  mehr  so  wesenloa  iat,  vie  die 
alte  Fhilosophie.  Im  Verlaufe  der  Geschicbte  erf ahrt  ja  das  ganze  Cultur- 
bUd  der  Menscbbeit  state  und  bedeutende  Scbwaukungen.  Die  Deutschen 
sind  nicht  mehr  die  unpraktischea  Tranmer  von  ebemals.  Sie  haben  es 
auf  alien  Gebieten  der  ExperimentalwisBensobaft,  der  TecbnLk,  Industrie, 
und  Politik  bewiesen.  Die  Bestrebungen  der  Amerikaner  wareu  natur- 
gemaas  anfangs  behufs  Unterjochung  dea  Grundea  und  Bodens  der  rein 
praktischen  Thatigkeit  der  Indostrie  und  Tecbnik  zugewaodt.  Abw 
sie  sind  es  langst  nicht  mehr  aasschlieselicb  and  schon  weist  Amerika  auf 
alien  Gebieten  der  abstrakten  Wissenscbaft  Forscher  auf,  die  den  berror- 
ragensten  Europaa  Tollkommen  ebenbiirtig  zur  Seite  stehen.  Da  sie  daber, 
meine  Herren,  einen  Deutschen  zn  Vortragen  in  ihrem  Lande  geladen 
haben,  so  will  ioh  es  wagen  ein  Gebiet  der  Erkenntnistheorie  mit  ibnen 
za  betreten. 

Ich  wUI  zunaohst  wieder  zuriick  kommen  auf  die  Bedenken,  welohe 
gegeu  die  Fnndamente  der  Newton'scben  Mecbanik  erhobea  worden  sind 
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Oder  (besser  gesagt)  zu  den  Stellen,  wo  diese  nocb  einer  naheren  Beleucht- 
tmg,  einer  Analyse  der  SchlussweUe  tmd  Sichtai^  der  BegrifFe  zu  bedur- 
fen  scheinen.  Bei  Au&tellung  der  Bewegnngagesetze  betracbtet  Newton 
die  Bewegung  der  Korper  ala  eine  absolute  im  Raume.  Der  absolute 
Raum  ist  aber  nirgends  nnserer  ErfahruDg  zugangUcb.  Erfahrungsmas- 
sig  gegeben  sind  immer  nur  die  relativen  Lt^nanderungen  der  Korper. 
Es  wird  alao  da  gleiob  zn  Anfang  rollstandig  iiber  die  Erfahrung  hin- 
ausgegangen,  was  gewiss  bedenklich  ist  in  einer  Wissenscbaft,  welche 
sicb  nur  die  Aufgabe  Btellt  Erfabrungstbatsaoben  darzustellen,  Diese 
Schwierigkeit  ist  natiirlicb  dem  Grenius  Newtons  keineswegs  entgangen. 
Allein  dieaer  glaubte  obne  den  B^riff  eines  absoluten  Raumes  zu  keiner 
einfacben  Formulirung  des  Tnlgbeitsgesetzes  gelangen  zu  konnen,  um 
die  es  ibm  an  erster  Stelle  zu  tbun  war  und  ich  glaabe,  dasa  er  bierin  aucb 
Recbt  behaltea  bat ;  denn  so  viel  diese  Schwierigkeit  aucb  beleucbtet  oder 
durcbdacht  wuide,  so  Ist  docb  kaum  ein  wesentlicber  Fortscbritt  erzielt 
worden.  Keumann  (ubrt  statt  des  Newton'scben  absoluten  Raumes  einea 
rethaelbaften  idealen  Bezi^korper  ein,  womit  er  offenbar  ganz  ebenso 
wie  Newton  iiber  die  Erfabrung  binansgebt.  Streintz  stellt  sicb  die 
Aufgabe  derartige  BegrifFe  oder  Korper  zu  venneiden,  indem  er  lebrt 
wie  man  mittelst  der  Bewegung  eines  Gyroskops,  auf  welcbes  keine  oder 
bekannte  Krafte  wirken  relativ  gegen  ein  gewabltes  Cobrdinatensystem 
entscbeiden  kann,  ob  f  iir  dieses  Coordinatensystem  die  Newton'scben  Be- 
wegiingsgesetze  gelten,  ob  es  ein  braucbbares  Bezugssystem  ist.  Allein 
diese  Streintz'schen  Betracbtungen  scbeinen  f  iir  die  Fundamentimng  der 
Mecbanik  wenig  braacbbar,  da  sie  ja  bereits  die  Bewegungsgesetze  ein- 
es rotirenden  Kreiaels  nnd  die  Beartbeilung,  ob  auf  denselben  Krafte 
wirken  oder  nicbt,  yoraussetzen,  wozn  scbon  die  Kenntnis  der  Newton'- 
scben Bewegungsgesetze  erforderlicb  ist.  Lange  Terancbt  allerdings 
die  Formulirung  des  Tr^beitsgesetzes  ohne  irgend  ein  Bezugssystem 
blosa  durch  Betracbtung  der  relativen  Bewegung.  Sie  gelingt  ibm  aucb, 
^illt  aber  so  complicirt  und  weitscbweifig  aus,  dass  man  slob  nur  scbwer 
entschliessen  wird  ein  so  wenig  iibersicbtlicbes  Gesetz  an  Stelle  der  ein- 
facben Newton'scben  Formal  zu  setzen.  Selbstrerstandlicb  gebt  aucb 
der  Voracbl^  Macb's  Crerade,  welcbe  durob  die  Giesammtbeit  aller  Mas- 
sen  der  Welt  bestimmt  sind  oder  der  Vorscblfig  den  Licbtatber  an  Stelle 
des  absoluten  Raums  zn  setxen,  beide  freiliob  in  ganz  auderer  Weise  Hber 
die  Erfabrung  binans.  Ersterer  Vorscblag  kniipft  namliob  wieder  an 
rein  ideale  transcendente  BegrifFe  an,  wogegen  letzterer  eine  Aussage 
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macht,  welohe  zwar  erfabrun^massig  mogUcherweiBO  bewiesen  werden 
koQnte,  aber  ea  gewus  noch  nicht  iat.  Eb  miisste  denn  fur  den  Ather 
eine  ganz  andere  Mechaoik  gelten,  dieser  maaate  etwa  eelbst  die  Ursache 
des  Tragheitegesetzes  nicht  aber  demselbeQ  uuterworfeQ  sein.  Eine 
gleiche  Schwierigkeit  begegnet  man  bei  Elnfuhrung  des  Begriffs  der 
Zeit.  Aacb  diese  wird  von  Newton  als  eine  absolute  eingefiihrt,  wahrend 
onB  eine  Bolche  niemalB  g^eben  ist,  sondem  immer  bloea  die  Gleicbzei- 
tigkeit  deB  Verlaafs  mehrerer  Yorgange.  Jedooh  iat  bier  die  Abbilfe 
leichter,  indem  man  von  einem  Yorgange  au^eht,  der  sicb  immer  peri- 
odisch  unter  ganz  gleichen  Umetanden  wiederbolt.  Freilicb  ist  ea  nicht 
moglich  absolute  Gleichheit  der  Umstande  heizustellen,  doch  kann  man 
im  hSchsten  Grade  wahrscheinlich  maohen,  dass  alle  Umataude,  die  iiber- 
haupt  wesBntlichen  Einfluss  haben,  die  gleioben  Bind.  Man  kann  dies 
noch  dadurch  erharten,  dass  man  verBchiedenartige  Yorgange  von  dieser 
Eigenschaft  (die  Erddrehung,  die  Schvingungen  einea  FendeU,  einer 
ChroQometerfeder)  untereinander  vergleicht.  Die  tjbereinfltinunung  aller 
dieser  Yorgange  in  der  Anzeige  gleioher  Zeiten  schlieaat  dann  jeden 
Zweifel  an  der  Brauchbarkeit  der  Methode  aus. 

Eine  dritte  Schwierigkeit  betrifift  die  Begriffe  der  Masse  und  Kraft. 
Dass  die  Newton'sche  Definition  der  Masse  als  Quantitat  der  Materie 
eine  nichts  sagende  ist,  wurde  langst  erkannt.  Aber  auch  beznglioh  des 
YerhaltniBseB  der  Kraft  zux  Masse  ergeben  sich  Zweifel.  Ist  die  Masse 
daa  allein  Exiatirende  und  die  Kiaft  nur  eine  Eigenschaft  derselben  oder 
iat  omgekehrt  die  Kraft  das  wahrhaft  Existirende  odor  iat  eis  Duslismufl 
zweier  getrennter  Exiatenzen  (Masse  nnd  Kraft)  anzunehmen,  ao  dasa  die 
Kraft  eine  von  der  Materie  getrennt  exiatirende  Ursache  der  Bewegung 
der  erstereu  ist.  Hinzu  kam  in  nenerer  Zeit  noch  die  Frage,  ob  auch 
der  Ehiergie  Existenz  zozuschreiben  iat  oder  ob  gar  letztere  das  allein 
Existirende  ist. 

Es  war  vor  alien  Kirchhoff,  welcher  in  dieaem  Punkte  schon  der  Art 
der  Fragestellung  entgegentrat.  Oft  ist  ein  Problem  schon  halb  gelost, 
wenn  die  riohtige  Methods  der  Fragestellung  gefunden  ist.  Kirchhoff 
wiea  es  nun  zurtick,  dass  ea  Aufgabe  der  Naturwissenschirft  sei,  das  wahre 
Wesen  der  Erscheinungen  zu  entrathaeln  und  ihre  eraten  metaphysischen 
Grundursachen  anzugeben.  £r  rcducirte  die  Anfgabe  der  Naturwissen- 
Bchaft  vielmehr  darauf,  die  Erscheinungen  zu  beschreiben.  Kirchhoff 
nannte  dies  noch  eine  Beschranknng  der  Aufgabe  der  Naturwissenschaft. 
Wenn  man  aber  so  recht  in  die  Art  and  Weise,  ich  mocbte  BBgen  in  den 
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MechajiismuB  unseres  Denkens  eiDdringt,  so  mochte  man  &st  auch  daa 
leagnen. 

Alle  unsere  Vorstellungen  uud  Be^ifie  sind  ja  nur  inoeTe  Gredanken- 
bilder,  weun  ausgesprocheu  Lautoombioationea.  Die  Aufgabe  unserea 
Denkens  iet  es  nun,  dieselben  so  zu  gebraucben  und  zu  verbinden,  dasa 
-wir  mit  ibrer  Hilfe  allezeit  mit  grosster  Leichtigkeit  die  ricbtigen  Hand- 
lungen  treffen  uad  auch  audere  zu  ricbtigen  Handltmgen  anieiten.  Die 
Metaphysik  hat  sich  da  dem  niichternsten  praktischsten  Standpnnkte 
angescblossen,  die  Extreme  beriihren  sicb.  Die  begrifSiohen  Zeicben, 
welche  •mi  bilden,  haben  also  nur  eine  Existenz  in  una,  die  auasem 
Erscbeinungen  konnen  wir  nicbt  mit  dem  Masse  unserer  Voratellungen 
messen.  Wir  kdnnen  also  formell  derartige  Frf^n  aufwerfen,  oh  bloss 
die  Materie  ezistirt  and  die  Kraft  eine  Eigenschaft  deraelben  ist  oder 
ob  letztere  von  der  Materie  unabhangig  existirt  oder  ob  umgekebrt  die 
Materie  ein  Erzeugnis  der  Kraft  ist ;  aber  es  haben  alle  diese  Fragen  gar 
keine  Bedeutung,  da  alle  diese  BegriSe  nur  Gredankenbilder  sind,  welcbe 
den  Zweck  haben  die  Erscbeinungen  riobtig  darzuatelles.  Besondera 
klar  bat  dies  Hertz  in  seinem  beruhmten  Buche  iiber  die  Principien  der 
Mecbanik  ausgesprocben,  nur  atellt  Hertz  daselbst  als  erste  Fordernng 
die  auf,  dass  die  Bilder,  welcbe  wir  una  construiren,  den  Denkgesetzen 
entsprecben  miissen.  Gegeii  diese  Forderung  mochte  icb  gewisse  Beden- 
ken  erheben  oder  wenigstens  sie  etwae  n^er  erlautem.  Grewiss  miissen 
wir  einen  reicbec  Schatz  von  Denkgesetzen  mitbiingen.  Obne  sie  ware 
die  Erfahrung  Tollkommen  nutzlos;  wir  konnten  sie  gar  niobt  durch 
innere  Bilder  fixiren.  Diese  Denkgesetze  sind  uns  fast  ausnahmslos  ange- 
boren,  aber  aie  erleiden  docb  durch  Erziebung,  Belehrung,  und  eigene 
Erfahrung  Modifikationen.  Sie  sind  nicbt  vollkommen  gleich  beim 
Kinde,  beim  ein&chen  ungebildeten  Manne,  oder  beim  Gelehrten.  Wir 
werden  dies  aucb  einseben,  wenn  wir  die  Deokricbtui^  eines  naiven  Yolkes 
wie  der  Griecben  mit  der  der  Scholaatiker  des  Mittelalters,  und  diese  wieder 
mit  der  heut^n  vergleichen.  Gewiss  gibt  es  Denkgesetze,  welcbe  sicb 
so  ausnabmslos  bewahrt  haben,  dass  wir  Ihnen  nnbedingt  vertrauen,  sie 
fiir  aprioristische  unabanderlicba  Denkprincipien  balten.  Aber  icb 
glaube  docb,  dass  sie  sicb  erst  langsam  entwickelten.  Ibre  erste  Quelle 
waren  primitiye  Brfabrungen  der  Menschheit  im  Urzuatand,  allmalig 
erstarkten  sie  und  verdeutlichten  sicb  durch  complicirtirte  Erfabrungen 
bis  aie  endlioh  ihre  jetzige  scharfe  Formulirung  annahmen ;  aber  ala  unbe- 
dingt  oberste  Biohter  mochte  ich  die  Denkgesetze  nicbt  anerkennen. 
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Wir  kSnnen  nioht  wisaen  ob  Bie  nicht  doch  noch  die  sine  oder  sndere 
Modification  erfahren  werden.  Man  erinuere  sich  doch  mit  welcher 
Sioherbeit  Kinder  oder  Ungebildete  iiberzeugt  aind,  dass  man  durch  das 
blosse  Gefiihl  die  Ricbtung  nach  oben  von  der  oach  unten  an  alien  Orten 
des  Weltrauma  miiase  unterscheiden  konnen  und  wie  aie  duaos  die 
UnmogUchkeit  der  Antipoden  deduoiien  za  konnen  glauben.  Wtirden 
solohe  Lente  Logik  scbreiben,  ao  wtirden  aie  daa  sioher  f  iir  ein  a  priori 
evidentea  Denkgesetz  balten.  Ebeoao  warden  aniangs  gegen  die  Coper- 
nioanisobe  Tbeorie  rielfach  aprioristiaobe  Bedenken  erboben  and  die  Ge- 
acbicbte  der  Wiasenacbaft  weist  zablreiobe  Falle  auf,  wo  man  Satze  bald 
begrlindete,  bald  widerlegte  mitteU  Beweiagrunden,  die  man  damals  fiir 
evidente  Denkgeaetze  hielt,  wabrend  wii  jetzt  von  ibier  Nicbtigkeit  uber- 
zeugt  Bind.  lob  mocbte  daber  die  Hertz'aobe  Forderang  dahin  modificiren, 
dasa  in  so  weit  wir  Denkgeaetze  besitzen,  welcbe  wir  durcb  stete  Bewahr- 
beitung  in  der  Erfahrui^  als  zweifelloe  riobtig  erkaont  baben,  wir  die 
Richtigkeit  anserer  Bilder  zunacbat  an  diesen  erproben  kSnnen,  daaa 
aber  die  letzte  und  alleinige  Entscbeidung  ilber  die  Zweckmaasigkeit  der 
Bilder  in  dem  Umatande  liegt,  dasa  sie  die  Erfahrang  mogliobst  einfaoh 
and  durohaua  trefFend  darstellen  und  dass  gerade  bierin  wieder  die  Probe 
fiir  die  Richtigkeit  der  Denkgeaetze  liegt.  Haben  wir  die  Aofgabe  des 
Denkens  tiberbaupt  und  der  Wisaenaobaft  inabesondere  in  dieser  Weise 
erfaaat,  ao  ei^ben  siob  ons  Conaequenzen  welche  im  ersten  Augenblick 
etwas  Frappirendea  an  aich  haben.  Eine  Vorstellang  von  der  Natur  wer- 
den  wir  falsch  nennen,  wenn  sie  una  gewisae  Thatsaohen  onriobtich  dar- 
Btellt  oder  wenn  ea  offenbar  einf aobere  gibt,  welcbe  die  Thatsachen  klarer 
darstellen,  besondera  wenn  aie  allgemein  bewahrten  Denkgesetzen  wider- 
spricht,  doch  sind  immerhin  Theorien  moglich,  welche  eine  grosse  Zahl  Ton 
Thatsaohen  richtig  darstellen  in  andem  Fonkten  aber  unriohtig  sind,  denen 
also  eine  gewisse  relative  Wahrheit  zukommt.  Ja  ea  ist  Bogar  moglich,  dass 
wir  in  verscbiedener  Weise  ein  System  von  Bildem  der  Erscheinungen 
construiren  konnen.  Jedee  dieser  Systeme  ist  nicht  gleich  einf  ach,  stellt 
die  Erscheinungen  nicht  gleich  gut  dar.  Aber  es  kann  zweifelhaft, 
gewiasermassen  Gescbmacksacbe  sein,  welches  wir  fiir  das  Einfacbere 
balten,  durch  welche  Darstellung  der  Erscheinungen  wir  una  mehr  befrie- 
digt  f iiblen.  Die  Wissenscbaft  verliert  hiedurch  ihr  einheitiiohes  Geprage. 
Man  bielt  doch  ehedem  daran  fest,  dass  es  nur  Eine  Wahrheit  geben 
konne,  dass  die  Irrthtuner  mannigfaltig  seien,  die  Wahrheit  aber  nur  eine 
einzige  iat.    Dieser  Ansicbt  moas  von  onaerem  jetzigen  Standpunkte  ent- 
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gegen  getreten  werden,  freilioh  ist  der  Unterschied  der  nenen  Ansicht 
gegeniiber  der  alten  eia  mehr  formeller.  Es  war  nie  zweifelhaft,  dass  der 
Mensch  Diemals  den  Tollea  lobegrifl  aUer  Wabrheit  za  erkennen  vermdge. 
Diese  Erketmtniss  ist  nor  em  IdeaL  Ein  ahnliches  Ideal  besitzen  wir  aber 
anch  gemase  unserer  jetzigen  YorsteUimg.  Es  ist  das  Tollkommeuste  Bild, 
das  alle  Erscheinungen  in  der  eiufachBten  imd  zweckmassigstea  Weise 
darstellt.  Wir  wenden  daher  sach  der  einen  Anscbauungsweise  den 
Blick  mehr  auf  das  onerreiolibsre  Ideal,  welches  nur  ein  einheitliobes  ist, 
nacb  der  andem  anf  die  Mannigfaltigkeit  des  Erreichbaren. 

Wenn  wir  nun  die  Oberaeugung  haben,  dass  die  Wissenaobaft  bloea 
ein  inneres  Bild,  eine  gedanklicbe  Constmction  ist,  welche  sicb  mit 
der  Mannigfalt^keit  der  Erscbeinongen  niemals  decken,  BOndem  nnr 
gewisse  Tbeile  derselben  iibersichtlich  darstellen  kann,  wie  werden  wir 
zu  einem  solchen  Bilde  gelangen?  wie  es  moglicbst  syetematisch  und 
iibersichtlich  darstellen  konnen  ?  Es  war  friiher  eine  Metbode  beliebt, 
welche  der  ron  Euclid  in  der  Geometrie  angewaadten  nacbgebildet  ist 
nnd  daher  die  Euclidische  heissen  soil.  Dieselbe  gebt  Ton  moglicbst 
wenigen,  mt^lichst  evidenten  Satzen  aus.  In  den  altesten  Zeiten  wnrden 
diese  als  a  priori  evident,  als  direkt  dem  Geiste  gegeben  betracbtet,  weaa- 
halb  man  sie  als  Axiome  bezeichnet.  Spater  d^fegeu  schrieb  man  ihnen 
lediglich  den  Charakter  von  hinlanglich  verbiirgteii  Erf^irungssatzen 
zu.  Aus  diesen  Axiomen  wurden  dann  bloas  mit  HQfe  der  Denkgesetze 
gewisse  Bilder  als  notbwendig  deducirt  und  man  glaubte  so  einen  Beweis 
gefondeu  zu  baben,  dass  diese  die  einzig  moglicben  seien  und  nicht  durcb 
andere  ersetzt  werden  konuten.  Als  Beispiel  fiihre  ich  die  Schlusse  an, 
welche  zur  Ableitung  des  KrafteparaUelogromms  oder  des  Ampere'scben 
Gesetzes  oder  des  Beweises  dienten,  dass  die  zwischen  zwBi  materielleu 
Puukten  wirkende  Kraft  in  die  Richtnng  ihrer  Entfemung  fallen  und 
eine  Function  dieser  Entfernung  sein  miisse. 

Aber  die  Bew&iskrHft  dieser  Schlnssweise  geriet  allmalig  in  Miscredit, 
der  erstd  Schritt  biezu  war  der,  dass  man  wie  scbon  friiher  geschildert 
von  einer  a  priori  evidenten  Grundlage  zu  einer  bloss  erfahmngsmassig 
bewahrten  uberging.  Man  sab  femer  ein,  dass  anch  die  Dednktionen  aus 
jener  Grundlage  nicht  ohne  zahlreiche  neue  Hypothesen  gemacht  werden 
konnten,  und  so  wies  endlich  Hertz  darauf  bin,  dasa  oamentlicb  im  Gebiete 
der  Physik  unsere  tlberzeugung  von  der  Rlchtigkrat  einer  allgemeiuen 
Theorie  im  Wesen  noch  nicht  aaf  der  Ableitung  derselben  nacb  der 
Euclidifichen  Methode,  sondem  rielmehr  darauf  beruhe,  dass  diese  Theo- 
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rie  in  alien  bisher  bekannten  Fallen  nns  za  richtigen  Sohllissen  in  Bezug 
auf  die  Erscheiniingen  leite.  Er  machte  von  dieser  AnBicht  zuerst  in 
seiner  Darstellung  der  Maxwell'schen  Grandgleichangen  der  Lehre  von  der 
Elektricitat  und  dem  Magnetiamus  Oebraaob,  indem  er  Yorschlug  sioh  um 
deren  Ableitung  aus  gewisBen  Grundprincipien  gar  nicht  zu  bekiimmem, 
Bondem  sie  eiafach  an  die  Spitze  zu  steUen  und  die  Rechtfertigung  hie- 
Ton  darin  zu  suchen,  dass  man  nachweiaen  konne  dass  sie  hinterher  tiber- 
all  mit  der  Erfahrung  ubereinstimme ;  denn  diesa  bleibt  dooh  schliesalich 
die  einzige  Richterin  uber  die  Braucbbarkeit  «iiner  Theorie,  deren  Urtheil 
inapellabel  und  unerschutterlich  iat.  In  der  That  wenn  wir  auf  die  Gegen- 
stande  naber  eingehen,  velohe  mit  dem  Gegenstande  am  meieten  zusam- 
menhangen,  das  Tragheitsgesetz,  das  Krafteparallelogramm  und  die  iibri- 
gen  Fundamentalsatze  der  Mechanik,  so  werden  wir  die  TerBobiedenea 
BeweisQ,  welcbe  in  alien  Lebrbiichern  der  Mecbanik  fiir  jeden  einzelnen 
dieser  Siitze  geliefert  werdeo,  bei  weitem  niobt  so  uberzeugend  fiuden,  als 
die  Thataacbe,  dass  sioh  alle  aus  dem  Inbegriffe  aller  dieser  Satze  gezo- 
genen  Consequenzgn  bo  ausgezeichnet  in  der  Erfabrung  bestatigt  baben. 
Die  Wege,  auf  denen  wir  zu  den  Bildern  gelangten,  sind  nicbt  selten  die 
verschiedensten  und  von  den  mannigfaltigsten  Zufallen  abhangig. 

Mancbe  Bilder  warden  im  Verlauf  von  Jabrbunderten  duroh  das  Zu- 
aammenwirken  vieler  Forscher  erat  allmalig  oonstruiit,  wie  die  der  mecha- 
niscben  Warmetheorie.  Mancbe  wurden  von  einem  einzigen,  genialen  For- 
scher, aber  oft  wieder  auf  sebr  yerscblungenen  Umwegeu,  gefmideu  und 
erst  danu  von  andem  in  die  verschiedenartigste  Beleuchtnng  gerilokt, 
wie  die  besprochene  Maxweirsche  Theorie  der  Elektricitat  und  des 
MagnetismUB.  Eb  wird  nun  eine  DarBtellungsweiae  gebeu,  welche  ganz 
besondere  Vorziige  aber  aucb  wieder  ihre  Mangel  besitzt.  Diese  Dar- 
stellungaweise  bestebt  darin,  dasa  wir  eingedenk  unserer  Aufgabe,  bloss 
innere  Vorstellungabilder  zu  construiren,  anfangB  lediglicb  mit  gedank- 
lichen  Abstractionen  operiren.  Hiebei  nebmen  wir  noch  gar  keine  Riicksicht 
auf  etwaige  ErfahrungBtbatsacben.  Wir  bemiiben  una  lediglicb  mit  mog- 
lichster  Klarbelt  unsere  Gedankenbilder  zu  entwiokeln,  und  aus  denselben 
alle  mogliohen  Gonsequenzen  zu  zieben.  Erst  hinterher,  nachdem  die 
ganze  Exposition  des  Bildes  vollendet  ist,  priifen  wir  dessen  tJbereinstim- 
mung  mit  deu  Erfahrungsthatsacben,  motiviren  also  in  dieser  Weise  erst 
binterber,  warum  das  Bild  gerade  bo  und  nicht  andera  gewahlt  werdeu 
musste,  woruber  wir  vorber  nicht  die  leiseste  Andeutung  geben.  Wir 
woUeu  dies  als  die  deduktive  Darstellung  bezeichnen.  Die  Vorziige  dieser 
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Darstellung  liegen  anf  der  Hand.  Sie  lasst  zunachst  gar  keinen  Zwelfel 
dariiber  aufkommen,  daaa  hIa  nicbt  die  Dinge  an  sich  selbst  bieten  will, 
Bondem  bloBS  ein  innerea  geistiges  Bild  und  daes  ihr  Bestreben  bloss 
darin  besteht  dieses  geistige  Bild  zu  einer  gesohiokten  Bezeichnung  der 
EraoheinuDgen  zu  formen.  Da  die  deduktive  Methode  niokt  fortwahr- 
end  aussere  unB  aufgezwungene  ErfahrungeD  mit  inneren  von  una  wiU- 
kiirlioh  gewahlten  Bildein  yermengt,  so  ist  es  ihr  weitam  am  leichtesten 
diese  letzteren  klar  and  widerspruchsfrei  zn  eotwiokelu.  E^  ist  oamlich 
eines  der  wicht^ten  Erf&rdemisse  dieser  Bilder,  daas  sie  voUkommea 
klar  Bind,  dass  wir  niflmals  in  Verlegenheit  sind,  vie  wir  sie  in  jedem 
bestimmten  Fslle  formen  soUen  und  dass  wir  jedea  Mai  das  Resultat  ein- 
deutig  und  unzweifelhaft  aus  denaelben  ableiten  k&nnen.  Gerade  diese 
Klarheit  leidet  duroh  zu  friihe  Vermischnng  mit  der  ErfiUirung  und  wird 
bei  der  deduktiyen  Darstellungsweise  am  sichersten  gewahret.  Dagegen 
tritt  bei  dieser  Darstellungsweise  besonders  die  Willklirliolikeit  der  Bil- 
der Boharf  herror,  iudem  man  mit  ganz  willkurliohen  Gedankenconstruc- 
tionen  beginnt  und  deren  Kotwendigkeit  nicht  anfangs  motivirt  sondern 
erst  hiaterher  reobttertigt.  Davon,  daaa  nicht  aach  andere  Bilder  erdacht 
werden  konnten,  die  ebenso  mit  der  Erfahrung  stimmen  wiirden,  wird 
kein  Schatt«n  eines  Beweiaes  geliefert.  Es  scbeint  dies  ein  Fehler  zu 
sein,  ist  aber  vielleicbt  gerade  ein  Vorzug,  wenigstens  fur  denjenigen, 
der  die  fruher  anseinandergesetzte  Ansicht  von  dem  Wesen  jeder  Theo- 
rie  hat.  Ein  wirklicher  Fehler  der  deduktiveu  Methode  besteht  dagegen 
darin,  dass  der  Weg  nicht  eichtbar  wird,  aut  welchem  man  ztjt  Auffindung 
des  betreffenden  Bildes  gelangte.  Aber  es  ifit  ja  im  Gebiete  der  Wissen- 
schaftslehre  die  Kegel,  dass  der  Zusammenhang  der  Sohliisae  dann  am 
deudichaten  hervortritt,  wenn  man  diese  moglichst  in  ihrer  natiir- 
lichen  Reihenfolge  und  ohne  Riickaicht  auf  den  oft  krommen  Weg 
auseinanderaetzt,  auf  welchem  dieselben  gefimden  wurden.  Hertz 
hat  auch  im  Giebiete  der  Mechanik  in  seinem  bereits  citirten  Buohe 
ein  Muater  einer  solohen  rein  deduktiyen  Darstellung  gegeben.  loh 
glaube  den  Inhalt  des  Hertz'schen  Buches  hier  ala  bekannt  vorauasetzen 
va  konnen  und  mich  daher  auf  eine  ganz  kurze  Charakteristik  dea- 
selbea  beachriinken  zu  diirfen.  Hertz  geht  yon  materiellen  Punkten 
aus,  welche  er  ale  reine  Gedankenbilder  betrachtet.  Auch  die  Masae 
definirt  er  ganz  unabhangig  yon  aller  Erfahrang  durch  eine  Zahl,  die 
wir  una  jedem  materiellen  Fankte  beigelegt  denken  miissen,  namlich  die 
Anzahl  der  einfochen  Maasenpunkte,  welche  er  euthalt.      Aus  diesen 
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abstrakten  Begriffen  constriiirt  er  sine  zunaclist  nattirlich  bloea  vie  die 
Punkta  aelbst  in  Gredanken  vorhandene  Beweguitg.  Der  B^riff  d«r 
Krait  fshlt  dabei  vollstandig.  An.  ihre  Stelle  treten  gewisse  Bediug- 
imgen,  welciie  sich  in  der  Form  vcm  Gleichongsn  airiBehen  den  DifFeren- 
zialen  der  Coordinaten  der  materiellen  Punkte  schreiben.  Diese  letzteren 
siad  Qun  mit  gegebenen  Anlangsgvscbwindigkeitea.  auageatattet  und 
bev^«B  Hch  ID  jeder  folgendeti  Zett  Dacb  einem  aebr  eiulacbeD  GeBetze, 
welches  sobald.  die  BedingmigBgleichuDgeB  gegeben  Bind,  die  Bewegang 
tar  aUfl  Zeiten  eindsatig  beBtimmt.  Herts  q>richt  es  dahin  aos,  dass  die 
Smmne  dec  mit  den  Massen  moltiplicirten  Quadrate  der  Abwelcbongea 
der  materieUea  Punkte  von  der  geradlinigen,  gleichfbrmigeD  Bev^ung 
fiir  jeden  Zeitmoment  ein  Minimum  aein  muss  oder  nooh  korzer,  dasa 
die  Bew^ung  iit  den  geradesten  Bahaen  geachieht.  &b  hat  dieses  Gesetz 
die  grosste  Ahnliehkeit  mit  dem  Ganss'schen  Principe  des  kleinsten 
Zwsnges,  ja  es  ist  gewissermassen  derjenige  epezielle  Fall,  der  eintrittt 
Venn  man  das  Gansa'ache  Princip  auf  ein  Sjstem  von  Fankten  anwen- 
det,  velche  zwar  einem  Zwange,  aber  keinerlei  sonstigea  auasem  Kraften 
nntervorfen  Bind. 

Icb  babe  in  meinem  Buche  welches  den  Titel  bat  *^  Vorlesmigen  fiber 
die  Principe  der  Mechanik"  ebenfalls  eine  rein  deduktive  DarstelLang  der 
Grnndphncipe  ders^ben  Tersacht,  aber  in  gsoz  andwer  Weiae,  weit  mchr 
an  die  geviinlicfac  Behandlimg  d«'  Mechanik  snknapfend.  Ich.  gehe  vie 
Hertz  Ton  reinen  Gedankendiugen,  ezakten  materiellen  Punkten  aus ;  ich 
beziehe  deren  Lage  aaf  ein  ebenfalls  gedachtes  rechtwinkligea  Coordina- 
tenaystem  md  denke  mir  ein  geist^es  Bild  rtsk  der  Beweguitg  derselbes 
mnachat  in  fblgender  Weise  conatmirt.  Jedenaal,  venn  sich  iivet  dec- 
selbtn  in  ijigend  einn  Kntfeniung  r  befinden,  soU  jeder  deisdben  sine 
Besehlennigvng  in  dec  Richtung  tob  p  erfahsen^  velt^Mt  oine  Function 
fCf)  dieseE  Entiemmg  isfc,  iiber  die  apater  nadi  Bdieben  -vorfiigt  ver- 
den  kans.  Es  f"H«"  femer  doe  Bea^ilevnignngm  t)«ider  Punkte  in 
ednem  zu  alien  Zerten  unTeranderiieben  ZohlttaTerfaaltnisBe.  itebon, 
velches  das  MassenTezbaltnis  der  beiden  nuterielleu  Punkte  definirt. 
Wie  wir  uns  die  Bevegong  aller  materiellen  Punkte  zu  denken  haben, 
das  iat  dann  ctndentig  durdi  die  Angabe  bestimmt,  dass  die  wirkliebe 
Beachlennignn^  jedes  Funktes  die  Yectoraumme  aller  fiir  ibn  nach  der 
{riiherca  Kegel  gefondenen  Beschleonigangen  ist  nnd  sidi  aur  seboa  Tor- 
hande&en  Gescbvindigkait  des  Pimktes  ebenfalls  so  addirt  vie  Vector- 
en  addirt  verdoi.      Woher  diese  Bescbleunigungen  kcmamen   und 
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mrom  ieh  gerade  die  Yorst^rift  gebe  sich  das  Bild  in  tiwser  Weim  za 
constniiren  wird  nicht  weiter  diacutiit.  Es  geniigt  dau  ^u  Bild  ein  toU- 
kommen  klares  ist,  welches  in  geniigead  Tid.«n  Fallen  durch  Bechnungen 
im  Detiul  msgearbeitert  werden  kum.  Dasselbe  &idet  Beine  Rec^tfertig- 
UQg  erst  darin,  dass  nch  die  Ftinction  /(r)  in  alien  Fallen  so  beatimmeD 
Uisst,  dass  die  gedachte  Bewegung  der  eingebildeten  materlellen  Pnnkte 
in  ein  natnrgetieues  Abbild  der  wirklichen  ErBcheinnngen  iibergelit. 

Wir  haben  durch  dieae  B^&ndlimgsweise,  ■welche  irir  die  rein  deduc- 
tJTe  gemumt  b&ben,  die  Frage  nach  dem  Wesen  der  Materia,  dar.  Masse, 
der  Kiaft,  fieilidi  nicht  gdost,  aber  wir  haben  diess  Fiagen  mngangen, 
indem  wir  ihre  VoransteUung  Tollstaaidig  uberflossig  gemacht  haben. 
In  onsemn  GedankeDschema  sind  diese  BegrifFe  ganz  bestimmte  Zahlen 
nnd  Anweisimgea  m  geomebrisc^Q  ConstructioDen,  von  denen  wir  wis- 
sen,  wie  wir  file  deokeo  and  auajuhren  sollen,  dunit  wir  ein  braochbares 
Bild  der  ErscheinnngBwelt  «FTfaaltwi.  Was  dis  eigentlicha  Ursat^e  sei, 
dasB  die  Etseheintmgswelt  sioh  gerade  bo  abspielt,  Vf9B  gewissermassen 
hintar  der  ErstdieinungBwalt  Tetborgen  ist  und  sie  treibt,  das  va  erf  or- 
schen,  betraohten  wir  nicht  ala  Aufgabe  der  Natnrwissenscinft.  Ob  es 
Aofgabe  einer  uidem  WifiBauscfaaft  sei  nnd  sein  konne,  oder  ob  wir  da 
nicht  vielleicht  Uobb  nach  Aoalogie  mit  anderen  Tsmiinftigen  Wortzu- 
aammenstellangen  hiw  Worte  aneinaDdergefugt  haben,  welohe  in  diesen 
Verbindongen  keinen  klaren  Gedanken  ausdruc^en,  das  kann  hier  voU- 
Btandig  dahingestellt  bleibeB.  Wir  haben  durch  diese  dedactaT<e  Methode 
ebenao  wenig  die  Frage  nach  dem  absoluten  Raiune  and  der  absolulen 
Bewegnng  gelost ;  ^ein  anefa  diese  Frage  hat  keine  pftdagi^schen 
Schwierigkeitan  mehr ;  wir  brauchen  sie  nicht  mekr  beim  Beginne  d«r 
Entwickdung  der  mechanischen  tiesetze  TDrzubringen,  sondem  kdnnen 
sie  erst  be^rechen,  wena  wir  alle  mechanischen  Gesetze  abgeleitet  haben. 
DfiBB  da  wir  }a  anfangs  t^mehin  nnr  gedankliche  ConBtroctionen  Tor- 
fohmn,  80  nimmt  nch  «iB  gedachtes  Coordinatensystem  keineswegs  f remd- 
utig  'snter  denselben  aus.  Ea  ist  eban  eine  deir  verschiedenen  mis 
TenAindlichen  nnd  gelaafigeo  Constmctionsmitt^  aus  denen  wir  unser 
Gedankenbild  zuBanunensetsen,  nicht  mehr  nnd  nicht  weniger  abstract, 
als  die  materiellen  Punkte,  deren  Bewegung  relativ  gegen  das  Coordina- 
tensjsbem  wir  mis  TOrstellen  und  fiir  wel<^  ailein  wir  zunachst  die 
Gesetze  aussprachen  und  mathamatisch  fonnnliren.  Baim  Vergleicbe 
mit  der  Erfahrang  finden  wir  dann,  dass  ein  unTerinderiioh  mit  dem 
Slxstemhinmri  Terbundenes  Goordinat^isystem  praktisiA  ToUkommen 
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ausreicht  um  die  Cbereinstimmung  mit  der  Erfohrung  zu  sichern.  Was 
fiir  ein  Coordinatensysteia  wir  einstens  werden  zu  Grunde  legen  massen, 
weDn  wir  einmal  die  Bewegung  der  Fixsterae  durch  mechanische  For- 
mela  ausdriicken  konnteD,  diese  ITrage  steht  auf  unHerm  Repertoire  an 
allerletzter  Stolle  und  wir  konuen  jetzt  alle  die  Hypotbesen  von  Streiatz, 
Mach,  Lange  etc.  welcbe  einganga  erwaknt  wurden  mit  Leichtigkeit 
discutiren,  da  una  alle  Gesetze  der  Mechanik  bereits  zur  Verfiigung  steben. 
Wir  kommen  nicbt  in  dieselbe  Verlegenbeit  wie  friiber,  wo  wir  diese 
ooniplicjrteQ  Betracbtnngen  der  Entwiokelung  dea  Tragbeitsgeaetzes 
batten  voranstellen  miiaaen.  Freilicb  baben  wir  dafiir  bei  der  deduo- 
tiven  Metbode  wieder  einen  Beweis  zu  liefern,  der  bei  den  alten  Metboden 
iiberfliissig  war.  Da  wir  bei  den  letzteren  direct  von  den  Erscheinungen 
ausgingen,  bo  verstand  es  sicb  von  selbst,  dass  die  Gesetze  der  Eracbein- 
ungen  nicbt  tou  der  Wabl  des  lediglicb  binzugedacbten  Coordinaten- 
Bjstems  abbangen  konnen,  und  es  musste  eben  frappiren,  dass  sicb  diese 
Gesetze  anders  und  viel  oompUcirteT  aaanehmeo,  wenn  wir  ein  sicb  drehen- 
des  CoordinateDsystem  einfiibren.  Bei  der  deductiven  Metbode  aber 
baben  wir  von  vorne  berein  dem  Coordinatensystein  im  Bilde  die  gleiohe 
RoIIe  angewiesec  wie  den  materiellen  Punkten.  Es  ist  ein  integrirender 
Bestandtheil  des  Bildes  nnd  es  kann  uns  nicht  Wunder  nehmen,  dass 
dieses  versctiieden  ausfallt,  wenn  wir  das  Coordinatenaystem  andera 
wHblen.  Wir  miissen  bier  im  Gegentbeil  ana  dem  Bilde  aelbst  den 
Beweis  liefern,  dass  dieses  slob  nicht  andert,  wenn  wir  beliebige  andere 
Coordinatenayateme  einfiibren,  so  lange  sicb  diese  nicbt  relativ  gegen 
einander  dreben  oder  nicbt  mit  Bescbleunigimg  relatiy  gegen  einander 
bewegen. 

Wir  woUen  nun  die  znletzt  besprocbene  Darstellungsweiae  meines 
Baches  mit  der  Hertz'acbeu  yergleicben.  Herr  Classen  bat  meine  Dar- 
atellung  als  eine  Polemik  gegen  Hertz  aufgefasst  und  die  Sacbe  so  darge- 
atellt,  als  ob  ich  mir  einbildete  etwas  onbedingt  Besseres  als  Hertz 
Torgebraoht  zn  baben.  Nichts  weniger  als  dies.  Ich  erkenne  die 
Vorziige  des  Hertz'schen  Bildes  iinbedingt  an,  aber  nach  dem  Principe, 
dass  ea  moglich  nnd  wunsohenswert  ist,  fiir  ein  und  dieselbe  Erscbeinungs- 
gnippe  mebrere  Bilder  aofzoatellen,  glaube  ich,  dass  mein  Bild  neben  dem 
Hertz'schen  nocb  seine  Bedeutung  hat,  indem  es  gewisae  Vorziige  anf- 
weist,  welche  dem  Hertz'schen  fehlen.  Die  Principe  der  Mechanik, 
welcbe  Hertz  aufatellt,  sind  von  ausaererordentlicher  Einfachbeit  und 
Scbonbeit.      Sie  sind  natiirlich  nicht  yollatandig  frei  von  Willkiirlioh- 
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keit,  aber  ich  moohte  B^^n  die  Willkiirlichkeit  ist  auf  ein  Mmtmum 
beachrankt.  Dob  vod  Hertz  unabhangig  von  der  Brfahniug  coQBtruirte 
BUd  bat  eine  gewisse  iiinere  Vollendung  und  Evidenz.  Es  enthalt  an 
sicb  nur  wenig  willkiirliche  Elemente.  Hingegen  steht  oSenbar  mein 
Bild  weit  zuriick.  Letzteres  entbalt  weit  mehr  Zuge,  welche  den  Stempel 
davon  an  sioh  tragen,  dass  eie  nicht  durcb  eine  innere  Notwendigkeit 
bestimmt  sind,  sondem  bloss  eingefiigt  wurden,  urn  binterber  dann  eben 
die  Obereinstimmung  mit  den  Erfahrung  zu  ermoglicben.  Es  entbalt 
aucb  eine  ganz  willkurlicbe  Function  und  von  den  vielen  Bildem, 
welcbe  entsteben,  wenn  dieser  Function  alle  moglicben  Formen  er- 
tbeilt  werden,  entspreoben  nur  ganz  wenige  wirklicben  Vorgangen, 
wabrend  man  beim  Hertz'aoben  Bilde  aofort  siebt,  dass  wenn  uberhanpt 
einige,  ao  docb  jedenfallfi  nor  wenige  andere  Bilder  moglicb  sein 
konnea,  welcbe  sicb  einer  gleioben  Einfacbbeit  und  inneren  VoUeudung 
erfreuen,  so  weckt  mein  Bild  aofort  die  Idee,  dass  es  wobl  nocb  so 
mancbe  andere  geben  mag,  welcbe  die  Ersobeinungen  mit  gleicher  Yoll- 
kommenbeit  darstellen.  Trotzdem  giebt  ea  aber  wieder  Puukte,  in 
denen  mein  BUd  dem  Hertz'scbon  iiberlegen  ist.  Hertz  kann  zwar  einige 
Ersobeinungen  in  direoter  Weise,  aus  seinem  Bilde  erklaren,  oder  wie 
wir  lieber  sagen  wollen,  mittelst  desselben  darstellen,  so  die  Bewegung 
eines  materiellen  Punktes  auf  einer  vorgescbriebenen  F^be  oder  Kurre 
oder  die  Drebung  eines  starren  Eorpers  um  einen  fixen  Punkt,  beides 
wolgemerkt,  so  lange  keine  fremdartigen  aussem  Krafte  vorhanden  aind. 
Man  atoBst  aber  sofort  auf  Schwierigkeiten,  sobald  man  die  gewobnlicb- 
sten  in  der  taglicben  Erfahrung  vorkommenden  Vorgange  darstellen  will, 
bei  denen  Erafte  wirken.  Betrachten  wir  zunacbst  eine  der  allgemeinsten 
und  wicbtigaten  Naturkrafte,  die  Gravitation.  Als  Femkraft  diirfen  wir 
dieselbe  vom  Hertz'scben  Standpunkte  naturlicb  nicbt  auffassen.  Es  aind 
nun  zwar  zablreicbe  Versucbe  gemacbt  worden,  aie  durcb  Wirkung  einea 
Mediums  mecbanicb  zu  erklaren.  AUein  es  ist  bekannt,  dass  keiner  der- 
selben  zu  einem  recbt  bestimmten,  entsobeidenden  Resultate  gefiibrt  bat. 
Einer  der  bekanntesten  ist  die  scbou  von  Lesage  aufgestellte,  apater  von 
Lord  Kelvin,  Isenkrahe  und  andern  wieder  aufgenommene  Tbeorie  der 
Molekukrstosse.  Dieselbe  ist  abgeaeben  davon,  dass  ibre  exacte  Durcb- 
fiibrbarkeit,  nocb  immer  zweifelbaft,  ist  fiir  die  Hertz'acbe  Tbeorie 
unbrauchbar,  weU  schon  die  Erklarung  eines  einzigen  elaatischen  Stosaea 
aus  derselben  Schwierigkeiten  bereitet,  wie  wir  aogleich  seben  werden. 
Man  milsste  also  erst  eine  ganz  neue  Tbeorie  scbaffen,  die  Gravitations- 
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virkoDg  etwa  durch  Wirbel,  Pulsatiouen  oder  Ahnliehes  ^klaten, 
wobei  die  Theilchen  des  betreffenden  Mediuum  ebeofalls  nioht  durcli 
Krafte  im  alten  Sinne,  Boodara  bloss  durch  Bedingiuigegleicliuii^ii  yan 
der  Form,  wie  sie  Hertz  aufstellt  verknupft  sein  durften.  Selbst,  weim 
diee  gelingen  sollte,  so  Mease  dies  dooh  zu  emem  ganz  willkiirlichen  Bilde 
greifen,  welches  hochst  wahrschemlich  im  Verlaufe  der  Zeit  durch  din 
ganz  anderea  ersetzt  werden  miisste.  Der  Vorwurf,  weUhen  Hertz  gegen 
die  alte  Mechauik  erheht,  daas  eie  eiu  viel  zu  weites  Bild  gibt,  indem  vou 
alien  moglichen  die  Kraft  daratellendeu  Functionen  f{r)  nur  ganz  wenige 
eine  praJctische  Verwendung  haben  lasst  sich  in  rerstarktem  Masse  gegen 
sein  eigenee  Bild  kehren,  sobald  man  dasselbe  auf  bestimmte  Falle  anwea- 
den  wilL  Schon  bei  der  Anweadung  auf  die  GravitatioD  muas  man  aus 
alien  moglichen  Medieo,  velche  Fernwirkuug  venoitteln  konnten  ii^nd 
ein  bestimmtea  ouswahlen,  worin  wohl  nodi  mehr  Unbeatiountheit  und 
WiUkurlichkeit  li^  als  ia  der  Wahl  gewiuer  Functionen  /(r). 

Die  elektrischen  und  mf^netisohen  Krafte  hat  bekanntlicb  Maxwell 
in  seinen  erstea  Arbeiten  mit  Erfolg  durch  die  Wirkuog  eines  Medionu 
erklart.  AUein  abgesehen  davon,  dasa  dieaea  Medium  einen  hochst 
compUdrten  Ban  hatte  und  von  Eigensohaften  stiotzte,  die  den  Stempel 
der  WillktirUchkeit  imd  eines  rein  proTisoriscben  Charakters  an  sich 
trugen,  so  ware  es  fur  Hertz  wieder  nieht  einmol  brauchbar,  indem  seino 
Theile  ebenfalls  von  Kraften  im  alten  Sinne  der  Mechanik  znsammen- 
gehalten  werden.  Ja  auch  die  Eigensohaften  der  elastisohen,  tropf- 
barfluBsigen  und  gasformigen  Korper  mlissten  duroh  neue  Bilder  ersetst 
werden,  da  die  biaherigen  alle  auf  die  Annahme  von  zwischen  den  Theil- 
chen  wirkenden  Kraften  gegriindet  siud.  Man  hat  also  nor  folgende 
Wahl,  eatwedar  man  lasst  die  Natur  des  Mechanism  us,  welcher  die 
GntTitation,  die  elektrischen  und  magnetischen  Erscheinungen  erzeugen 
soil,  unbestimmt  und  wUlktlrlioh.  Dadurch  entsteht  eine  unertragliche 
Unanschaolichkeit,  indem  man  genothigt  ist  immer  mit  Gleichungen  za 
operiren,  von  denen  man  nur  einige  ganz  allgemeine  Eigensohaften  kennt, 
deren  spezielle  Form  aber  Tollstandig  unbekannt  ist,  oder  man  bemiiht 
sich  einen  bestimmten  Mechanismus  zu  wahlen,  wodurcb  man  dann  wieder 
in  eben  so  viele  WiUktirlichkeit^n  als  Schwierigkeiten  verwickelt  wird. 

Doch  ioh  will  noch  an  einem  viel  einfacheren  Bei^iele  die  Schwierig- 
keiten zeigan,  auf  welche  die  Anwendung  des  Hertz'schen  Fondunental- 
gesetzes  schon  in  den  trivialsten  Fallen  stosst. 

Es  eeien  drei  Massea  i»p  u  und  m,  mit  der  Bedingung  gegeben,  daas 
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sowohl  die  Eatfemang  m^  u  sis  auch  die  u  m,  stets  gleich  derselben 
Grosse  a  sein  boII.  Lassen  wir  dann  die  Masse  u  immer  kleiner  werden, 
ao  erhslteu  wir  einen  volIkomineQ  dem  Geiate  der  Hertz'aehen  Meefaanik 
entepreoheuden  Fall,  der  una  eia  getreues  Bild  des  folgenden  Natnr- 
TOTgauga  gibt.  In  einer  elastiacben  Hohlkugel  von  der  Masee  m,  bevege 
fiicli  eine  kleine  elastiacbe  VoUkugel ;  die  Differenz  der  Badien  sei  2  a. 
Wir  baben  also  lii«r  ein  Beispiel  elnes  und  desselben  Natui'rorgaages, 
w«lcher  auf  zwei  ganz  verschiedeiten  Wegen  erklart  werden  kano,  einee- 
theils  aos  der  Molekulartheorie,  anderstheils  nacb  der  von  Hertz 
aogegebenen  Methods.  Aber  so  rerhalteii  aich  nicht  alle  Vorgange. 
Schoa  der  ganz  triviale  Fall  des  Stoases  zweier  dastiBcben  VoUkugeln 
ist  sufi  dem  Hertz'aohen  Schema  nur  durcb  Eeimlieh  willkiirlicb  geiirablte 
Machanismen  oder  complicirte  Annatuueu  iiber  ein  ZwiBcheomedlam 
ableitbar,  da  ja  die  Hertz'scbe  Methode  Ungleichungen  aussdiliesat.  E^ 
fiibrt  also  die  Hertz'sche  Methods  schou  in  den  einfacbsten  Fallen  zu 
den  gFOSSteu  Complicationen. 

Ich  betone  bier  nochmals,  dass  diese  Aosfuhriingen  keineswegs  den 
Zweok  haben  sollen,  den  hohen  Wert  dea  Hertz'scben  Bildee  zu  leugnen, 
weloher  in  der  logischen  Einfaohheit  seiner  Gruudprincipien  besteht. 
Ee  ware  ja  moglich,  dass  man  in  femer  Znkunft  einmal  alle  Wirkongen 
durch  Medien  erklaren  kann,  deren  Eigeoschaftan  niclit  phantastiscb 
gewablt,  Bond«ni  durch  die  Natur  der  Sacbe  in  nahe  lie^nder  und  un- 
zweideutiger  Weiae  gebotea  werden.  Ea  ware  moglich,  daas  die  Theil- 
chen  dieaer  Medien  nicht  Krafte  im  alten  mechanischen  Sinne  aufeinander 
auaiiben,  sondern  daaa  man  mit  Bedingung^leicbungen  im  Hertz'scben 
Sinne  zwiachen  den  Coordinaten  der  Elementartheilchen  ausreichen 
wiirde.  Vcai  diesem  Augenblicke  an  hattd  die  Hertz'sche  Mechanik 
lu  UBZweifelhafter  Weise  den  Sieg  davoogetragen  and  alle  andem  Dar- 
atellungen  batten  nur  mehr  historiaches  Interesse.  Ob  man  das  ainstige 
Eintreffen  eiues  solohen  Zeitmomentes  fur  wahrscheinlich  halt  od«  nicht 
iet  naturlich  eine  reine  Geachmackssache.  Bewieaen  ist  nicht  einmal  die 
Moglichkeit  einer  derartigen  Entwicklung  unserer  Erkentnia.  Wir  wei^ 
den  daher  auf  onaerem  gegenwartigem  Standpunkte  zu  jenem  Ideale  mit 
Bewunderung  aufblicken,  auch  das  Unaerige  zur  Befordemng  dor  An- 
nahernng  an  dasaelbe  beitragen.  Aber  einatweilen  werden  wir  aolche 
einfaohe  und  unmittelbar  brauchbare  Bilder,  welche  aich  jetzt  schon 
ins  Detail  durohfiihren  lassen  neben  den  Hertz'scben  nicht  entbeiireu 
konnen. 
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loh  habe  m  der  Torigen  Vorlesung  zwei  Bilder  der  mecbanisclieii  Er- 
Bcheinungen  beeprochen,  welche  beide  rein  deductiv  sind,  das  Hertz'sche 
und  das  in  meinem  Baclie  iiber  Mechanik  dargestellte.  Das  letztere  un- 
terscheidet  sich  dem  Wesen  oach  nicht  von  den  alteres  Theories  der 
Mechanik.  Ich  bemiihte  mich  sur  diese  durch  eine  moglichst  conse- 
quente  Darstellung  gegen  etwaige  Eiawiirfe  besonders  gegen  die  Be- 
denken  zu  aichern,  welche  Hertz  in  der  Vorrede  seines  Buches  gegen 
die  altere  Mechanik  erhebt.  Gerade  zu  dieaem  Zwecke  Bchien  sich  die 
rein  deductive  Darstellung  am  besten  zu  eignen,  weil  sie  das  Bild  ganz 
unabhangig  von  den  Thatsaoheu  in  moglicheter  Klorheit  zu  entwiokein 
eriaubt.  Man  konnte  jedoch  das  Bild  auoh  nach  der  entgegengesetzten 
Metbode  entwickeln,  indem  man  unmittelbar  von  den  Thatsachen  auB- 
ginge,  me  sie  sich  der  nnbefangenen  Beobachtung  bieten,  aus  diesen  That- 
sacben  die  Bilder  erst  allmiilig  entstehen  liesse  and  jede  Abetraction  erst 
dann  einfuhrte,  wenn  sie  auf  keine  Weise  mehr  abgewiesen  werden  kann. 
Diese  letztere  Darstellung  wollen  wir  die  inductive  nennen.  Dieselbe 
hat  der  deductiven  gegenuber  den  Naohtheil,  dass  die  Bilder  von  Anfang 
an  nicht  so  rein  hervortreten,  daher  ihre  innere  Gonsequenz  nicht  so  klar 
zu  ubersehen  ist.  Allein  sie  hat  auch  wieder  den  Vortheil,  dass'sie  an 
Stelle  der  lange  Zeit  hindurch  rein  abstracten  von  der  Wlrklichkeit 
abgekehrten  DarstellnngBweiBe  der  deduktivea  Metbode  rein  an  das 
unmittelbar  Gegebene  und  Grelaufige  ankniipfende  setzt  und  moglichst 
klar  erkennen  loast,  wie  die  abstracten  Bilder  entstanden  sind  und 
wanim  wir  gerade  zn  diesen  Bildern  unsere  Zuflucht  nehmen.  Um  die 
Vorziige  und  Nachtheile  der  deductiven  Methode  mit  der  induotiven  zu 
vergleichen,  ware  es  nioht  ganz  zweckmassig  die  im  vorigen  Vortrage 
gesohilderte  Methode  mit  den  alteren  in  der  Mechanik  iiblicheu  Darstel- 
longsweisen  zu  vergleichen,  da  die  letzteren  beide  Methoden  vermischen 
und  dadurch  wie  mir  scheint  die  Klarheit  beeintrachtigen.  So  werden  in 
der  Kegel  sehr  bald  abstracte  Begriffe,  wie  der  des  materiellen  Punktes, 
der  Masse  etc.,  eingefiihrt,  diese  aber  nicht,  wie  von  uns  in  der  vorigen  Vor- 
lesung  als  rein  gedaukliohe  Werkzeuge  aufgefasst.  Es  werden  vielmehr 
davoQ  mehr  oder  minder  nnbestimmte  und  nichts  sagende  Definitionen 
gegeben.  So  wird  der  materieUe  Punkt  als  ein  Korper  definirt,  welcher 
so  klein  ist,  dass  seine  Ausdehnung  vernachlassigt  werden  kann.  Man 
meint  damit  etwa,  dass  seine  Tragheitemomente  beziiglich  einer  durch 
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seinen  Sohwerpunkt  gehenden  Aze  gegeiiiiber  denen  beztiglich  einer 
andero  Axe  verscliwiQdeii,  die  sich  davon  in  einer  Entfemung  befindet, 
die  TOB  der  GrossenordDUng  der  EutfernuDgen  iat*  welche  bei  onsem 
EzperimenteD  fiir  gewohnlich  vorkommen  oder  Ahnliches.  Da  aber  der 
Begriff  dea  TTagheitemomentes,  Sohwerpunkts  etc.  noob  nioht  entwickelt 
worden  ist,  ao  wiisste  ich  oicht  waa  man  sich  unter  einem  Korper,  an  dem 
eine  der  wichtagsten  Eigenschaften,  namlich  die  Aosdebnung  vemaoh- 
lassigt  werden  kann,  denken  soil.  Die  Masee  wird  oft  definirt  durcb 
die  Wirkung  einer  und  derselben  Kraft  auf  Terscbiedene  Korper,  aber 
vie  soli  man  oonstatiren,  dass  die  Kraft  dieselbe  ist,  wenn  sie  einmal 
auf  diesen  einmal  auf  jenen  Korper  wiikt?  Eb  wird  daber  das  Beste 
sein,  weun  wir  verenchen  nocb  eine  neue  rein  inductive  Darstellung  der 
Gnindprincipien  der  Mecbanik  wenigstens  mit  einigen  Stricben  zu  ski- 
ziren.  Wir  bleiben  dabei  unserm  Princip  treo,  daas  wir  vorlaufig  keines- 
wegs  eine  einzige  beste  Daretellung  der  WissenHcbaft  erstreben,  sondem 
doBS  wir  es  fiir  niitzliob  balten  moglicbst  viele  Terschiedene  Darstel- 
lungen  zu  verauoben,  von  denen  jede  ibre  besondem  Yorziige,  freilieb 
auob  wieder  jede  ibre  Mangel  hat.  Das  Hauptaugenmerk  wird  dabei 
wieder  darauf  zu  ricbten  sein  alle  Inconsequenzen  und  logiacben  Fehler 
zn  Termeiden,  keiueii  Begriff  oder  keine  Annahme  stillBcbweigend  einzu- 
sohmuggeln,  sondem  nns  aller  gemacbten  Hypothesen  mit  moglichster 
Klarheit  bewnsst  zu  werden.  Es  verateht  sich  von  selbst,  daaa  ich  bier 
bei  der  Kiiize  der  mir  zur  Verfiigung  stebenden  Zeit  nicbt  die  ganze 
Mechanik  erschopfend  darstellen  kann.  Icb  werde  nur  versuchen  einige 
Andeutungen  zu  geben.  Es  ware  wol  aucb  kaum  moglicb  eine  so  scbwie- 
rige  Aufgabe  auf  einmal  ganz  der  Losung  zuzufiihren.  Viel  wird  an 
dem  erstea  Versuche  nocb  mangelbaft  sein  und  erst  allmalig  werden  sieh 
die  Begriffe  aichten  und  die  Darstellungsweisen  vervollkommnen.  Wir 
werden  da  gerade  denjenigen  Weg  einachlagen  miisaen,  der  dem  in  der 
Torigen  Vorleaung  gescbilderten  und  in  meinem  Buche  tiber  Mechanik 
verfolgten,  direct  entgegengesetzt  ist.  Die  abatracten  Begriffe  des  mate- 
riellen  Funktea,  der  Masse,  Kraft  etc.,  von  denen  wir  dort  ausgingen, 
werden  wir  nun  zwar  auch  nicht  ganz  vermeiden  konnen ;  denn  sie  sind 
einmal  die  Gnindpfeiler,  auf  welche  die  Mechanik  aufgebaut  ist.  Aber 
wir  werden  sie  jetzt  ao  apat  ala  moglich  einf  iibren  und  wiihrend  wir  aie 
friiher  poatulirten,  werden  wir  jetzt  moglichst  an  die  Erfahrung  ankniip- 
fen  and  unsere  Reaultate  daraus  zu  deduciren  sucben.  Daber  aind  jetzt 
auch  diejenigen  Gesetze,  wdche  friiber  die  einfacbsten  schieneu,  nicht 
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Tonnznstdlan,  me  s.  6.  das  Tragheitsgeaetz.  Dieeee  wrrd  gewohnlicli 
dahin  auBgesprocben,  dasa  ein  materieller  Pankt,  welcher  jedem  aassernt 
Emfloflse  entsog^D  ist,  sich  geradlinig  iind  gleicMoTmig  bewegt.  Abge- 
sehsa  Ton  der  Schwierigkeit,  die  im  BegrifFe  des  materiellen  Ptmktes 
li^t,  konneQ  vir  nun  aber  leinen  Korper  bo  welt  von  alien  ubrigen 
entfemen,  dass  «r  jedem  Binflnsse  entzogen  ist  und  ware  dies  mogllch, 
so  konnten  wir  seine  Bewegung  nicht  mebr  beobaohteu,  gesehveige  dean 
deren  Geradllntgkeit  and  Gleichformigkeit  constatiren.  Wenn  mui  aber 
das  Tragheitsgeaetz  an  Korpem  verificiren  will,  an  denen  Bich  alle  darauf 
wirkendea  Krafte  das  Gleidigewidit  halten,  so  miisBte  man  die  gesammte 
Lehre  Tom  Gleidigewidite  ac^n  Torausschicken.  Man  ^egt  also  in 
der  gewohnlielien  Dauntelluag  Abstractioaen  und  Thalsachen  Tielfach 
zn  yemuMlien,  wu  zn  venneiden  eben  im  folgenden  unsere  Haaptanf- 
gabe  sein  scdl,  da  wir  nas  Tomefamen  strong  t(hi  reinan  Erfahrangstliat- 
saohen  anszogehen. 

Die  ersto  Unbeqnemlicbkeit,  die  udb  hiebw  antgegentritt  ist  folgende; 
Froher  batten  wir  es  bei  Anf  stelluog  der  flrat«n  Grundpnneipieai  mit  rein 
Gedachtem  za  timn,  daa  wir  in  unserer  Idee  formea  k^nen,  wie  wir 
vollen,  nnd  woTon  wir  Teriangen  konnen,  daas  ee  immer  exact  unseren 
Anforderungen  eotspncfat,  jetzt  dag^pen  vollen  wir  ron  den  direct 
beobachteten  Ersdieinnngen  aasgeben,  welobe  immer  sebr  zasammenge- 
setzt  and  oomplicirt  sind.  WoUen  wir  darans  Gmndgesetze  gewinnes, 
•o  miissen  wir  die  Erachdnangen  immer  generalislren  nnd  idealisiren,  m 
dass  wtr  Bchon  nicht  mehr  gacz  exacte  Thatsacben  vor  one  haben  son- 
d«m  Vorgange,  welche  in  der  Natar  immer  nor  mit  grosswer  oder  gerin- 
geror  Annaberung  realisirt  sind.  Wir  konnen  es  daher  auob  nicht  gaoE 
Tomsiden  Vorstellnngen  and  Thatsacben  za  vermengen  aber  wir  sncbMt 
dies  wenigstens  aof  das  kleinste  Mass  znriick  zn  fubren  and  bestreben  nns 
«s  nicht  verateckt  za  thun,  sondem  wo  wir  daza  gezwtmgen  aind  una 
deasen  klar  bewosst  zn  bleiben. 

Die  Erscbeinungen,  welche  ans  gegeben  sind,  haben  eine  ausaerordent- 
lioh  Terschiedene  Nator.  Die  eiufacbsten  best«ben  in  Ortsrerandemngen 
einea  Korpers,  welcher  dabei  weder  seine  Gestalt  noch  seine  sonstigen 
Eigenschaften  irg«ndwie  zn  verandem  scbeint.  Schon  diese  elnfacbe 
Erscheinung  ist  in  gewisser  Beziebung  eine  idealisirte.  In  den  venigsten 
Fallen  andert  der  Koiper  seine  Gestalt  absolnt  gar  nioht ;  ja  alle,  selbst 
die  anTeraoderlicbsten  Korper  konnen  dorch  sebr  storke  Krafte  zer- 
faiechen,  dun^  Hitza,  ohemiscbe  Wirkungen,  zn  volliger  Y aranderong  ihxer 
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EigensdiafteB  Teranlaast  w<acl«n.  Aber  ea  gibt  seliT  viele  Eiirper,  £e  dock 
ihre  Gestalt  wlhrend  der  mannigf altigsteu  Bewegnngen  durch.  lange  Zeit 
nicht  bemerkbar  andem.  Wiz  nennan  sie  feste  Korper  ond  bilden  uns 
das  Ideal  eines  absolot  QnTarauderlicheu  Korpeis,  welchen  wir  eiuen 
itarren  neanea.  Andere  Korper,  die  Fliisaigkeiten  andera  Tahrend  ihrer 
Bewegung  ihre  Gestalt  in  der  tnaDnigMtigsten  Weiae,  entveder  bei 
(natiirli^  ^eder  nur  angenahert)  gleich  bleibendem  Volumen,  (die  tropf- 
baren  Fliissigkeiteii)  oder  outer  steter  aehr  merkbarar  Anderung  dea  Vol- 
mnens,  (die  Gaae).  Man  kann  die  letzteren  Erscheinungen  aaf  die  erstem 
zutuckfiihren,  indem  man  annimmt,  dasa  die  Fliiasigkeiten  aos  sehi  TieleD 
sehr  kleinen  Theilahen  bestehen,  deren  Bewegung  nnabhangig  yon.  ein- 
ander,  die  Gestaltanderang  harvoiruit.  Andeit  sich  dabei  die  darch- 
Bchnittliche  Entfernimg  je  zweier  Nachbartheilchen,  go  iat  dieselbe  auch 
mit  Vcdumanderung  verkniipft.  £h  iat  nun  die  Frage,  aoU  man  sich  die 
A  TiTB.>il  dieser  Theilcheu  mathematiach  unendlich  oder  bloea  selir  groaa 
aber  endlich  denken.  Viele  ElrfahnuigsthatsacheR  deuten  darauf  Mn, 
dass  die  lefcztere  Ann&hme  gemaoitt  werden.  muss,  welcbe  auch  philoeo- 
phisch  die  befiiedigendere  ist.  Aber  da  eina  imzweifQlhaite  ezperi- 
mentelle  Bntscheidong  lusher  nicht  erfolgt  ist,  so  wollen  wir  getreu  den 
Principien,  nach  denen  wir  jetzt  voizugehn  beabsichtigen,  dieae  Fiage 
vollstandig  in  siupeneo  laasen. 

Alle  OrtATeranderung  heiasen  Bewegungen.  Die  Liehre  tod  den 
Bew^ungserst^eiuungen  ist  die  Mechanik,  welche  sich  in  die  Geo-,  Hydro- 
und  Aero-mechonik  abtheilt,  je  nachdem  man  es  ntit  der  Bewegung 
fester,  tropfbarer  oder  gasformiger  Korper  zu  thun  hat.  Die  Mechanik 
umfasst  ihrer  Definition  gemass  auch  die  Bedingui^n,  onter  denen  sich 
flin  Korper  gamieht  bewegt. 

Es  giht  noeh  vieleriei  Erscbainonggn  der  SehaLU  die  Warme,  das 
Lichtt  die  elektriacfaen  und  vugnetiacben.  E^acheiaiuigen,  die  ganzliche 
Andenmg  dea  E^igensciiafteB  tob  Kozpem  bei  chiamtwJifln  PzaEOBaon,  die 
Gentcfas-r  Gest^mackerscheinuagen  tio.  Letztera  sind  wahracheinlidi 
nnr  spezietle  FaUe  toil  Verdampfni^s-  oder  chemischen  E^ra^fiLnuBgen, 
and  daher  for  die  Fhjsik  Ton  geringerer  Wichtigkait,  welche  ja  die 
Action  auf  die  Kerreu  und  die  Fortleitung  durch  dieaelben  bis  znm 
Bevuastwerden.  der  PhTsiologie  and  Psychoiogie  iiberlaaat.  Aber  sie 
miissen  bier  doch  ebenfsHs  enrithnt  warden. 

E^B  iat  onzweifelhait  nachgewiesen,  dass  den  SchaUendiehiungen 
Bew^nngen.  der  Korper  zu  Grunde  iiegen.      Natoigemaas  endoite  man 
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aach  Lioht,  Elektricitat  and  Ma^etismus,  so  wie  die  chemiachen 
Ersoheiimngen  durch  BewegungserscheinungeD  gewiaaer  hypothetigcher 
Medien  oder  hypothetischer  kleinster  Theile  zu  erklaren  und  bis  vor 
Kurzem  war  wohl  jeder  Fhysiker  iiberzengt,  dass  hiemit  dem  Wesen  nach 
die  eigentliobe  Aufgabe  der  Phjsik  au^^prochen  sei.  Erst  vor  wenigen 
Decennien  wiirde  tmwiderleglicli  naohgewiesen,  daas  die  besonders  in 
Deutschland  fruher  allgemein  veibreitete  Tbeorie  der  elektriacben  und 
magnetiscben  Fluide  mit  den  Thataacben  nicbt  in  Ubereinstimmong 
gflbracbt  werden  k&nn.  Man  worde  nun  vorsicbtiger,  man  sucbte  zwar 
die  elektriscben  und  mf^etiscben  Eracheinungen  zunacbst  wieder  durob 
mechaniscbe  Wirkung  eines  Mediums  zu  erklaren,  allein  da  man  biebei 
nicbt  zu  einem  bestimmtdn  eindentigen  Erfolge  gel&ngte,  so  neigen  in 
neuester  Zeit  mancbe  Pbysiker  zur  Ansiobt,  dasa  eg  wol  ein  ilbereilter 
Sobluss  sei,  dass  sicb  alle  Eracbainungen  durcb  BewegungspbanomeDe 
mussten  erklaren  lassen  oder  in  unsere  Ausdrucksweise  iibertrageo,  dass 
es  Tielleicht  gar  nicbt  mpglicb  sei  durcb  die  Bilder  von  Ortsverander- 
ungen  von  Punkten  und  Korpertheilen  aUein  sich  ein  ausreichendes 
Bild  der  Krscfaeinungen  zu  verscbaffen ;  dass  man  daza  noch  qualitativ 
verschiedene  Bilder  wie  dielektriscbe  und  magnetische  Folarisationen, 
cbemische  Zustande  oder  anderes  dazunebmen  miisse.  Ea  wiirde 
dadurob  die  Einheit  der  Naturwissensobaft  ausserordeutliob  leiden,  da 
man  auf  keinen  Fall  die  alten  einfacben  BUder  vermeiden  konnte  und 
uns  noch  eine  Menge  fremdartiger  dazu  einfiibren  miisste.  Es  wiirde 
dann  aucb  die  Bedeutung  der  Mecbanik  als  Grundlage  der  gesammten 
Naturwissenscbaft,  auf  welcher  alle  tibrigen  Tbeoriea  derselben  berohen, 
in  Fr^fe  gestellt.  Aber  immer  batte  nocb  die  Mecbanik  ala  die  Lebre 
der  einfacbsten  Erscbeinungen,  obne  die  irgend  welcbe  andere  nicbt 
denkbar  aind,  alien  andern  pbyaikaliechen  Tbeorien  voranzugebn.  Wenn 
man  daber  aucb  einerseita  nicbt  leugnen  kann,  dasa  der  Beweis  der 
mechanisoben  Erklarbarkeit  aller  Natureraobeinungen  nocb  nicbt  geliefert 
iat,  so  ist  doch  sicber  ebenso  wenig  ein  Beweia  geliefert,  daas  gewisse 
Natureraobeinungen  nicbt  durch  mecbaniscbe  Bilder  erklarbar  aein 
konnten,  und  man  kann  bocbatena  die  Ansicht  ausaprecben,  daaa  bei  gewia* 
sea  Natureraobeinungen  der  Veraucb  einer  mecbaniacben  Erkl&rung  bente 
nocb  zu  friib  kommt.  Die  allgemeine  Frage  an  sicb  kann  erst  nacb 
Jabrbanderten  entscbieden  oder  wenigstens  in  ein  wesentlicb  neues  Licbt 
geriiokt  und  geklart  werden.  Wir  wollen  uns  daber  mit  der  Discussion 
des  "Fiir"  oder  "Wider"  bier  nicbt  aufhalten,  sondern  kebren  zur  Beweg- 
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ung  eines  festea  Korpers  K  zuriick,  den  wlr  sogleioli  idealisiren,  indem 
wir  ibn  als  absolut  stair  deaken.  Wir  fassen  denselben  nicht  etwa  ala 
einen  materielldD  Fankt,  sondem  als  einea  erfahtungsiuaasig  gegebenen, 
weaigetena  dem  Scheine  nach  coDtinuirlich  ausgedehnten  Korper  auf. 
Wit  mussea  freilich  wieder  sogleich  mit  eiuer  Abstraction  einsetzen ;  wir 
konnen  die  Bewegung  des  Eorpers  nicht  anf  einmal  als  Ganzea  erfassen, 
da  er  ja  (weuigstens  ftir  una  Boheinbar)  aus  unendlich  vielen  Tfaeilen 
beateht.  Wir  konnen  blosa  die  Bewegung  einzelner  Funkte  desaelben 
klar  mit  dem  Auge  and  Gedanken  verfolgen.  Wir  woUen  daber  aebr 
Ideine  Stellen  deaselben  A,  B,  G,  .  .  .  mit  feinen  selbstyerstandlioh 
eben£alls  starr  mit  dem  Korper  Terbundenen  Marken  bezeichnen  etwa 
mit  feinen  Farbepnnkten,  MehlatSubchen  oder  durch  die  Krenzung  zweier 
feiner  Linien  etc.  Wenn  wir  eine  ausserordentlicb  enge  Hohlong  in  den 
Korper  bohren,  so  konnen  wir  anoh  Punkte  im  Innern  desselben  wirklioh 
bezeichnen  und  wir  konnen  es  auch  ohne  die  Hohlung  in  Gedanken, 
wenn  wir  mis  etwa  einen  geometnscb  ahnlichen  hohlen  oder  durcbsichti- 
gen  oder  sonst  an  dieser  Stelle  zu^nglichen  Korper  TOrstellen.  E^  ist 
freilich  schon  wieder  eine  Idealisinmg,  wenn  wir  uds  diese  bezeichneten 
Stellen  als  matbematische  Fonkte  denken ;  allein  wir  bleiben  dooh  dem 
thatsachlich  Realen  viel  naher,  wenn  wir  die  Bewegung  des  ansgedehnten 
Korpers  durch  aolche  Funkte  beachreiben  und  an  erster  Stelle  einfaohe 
Gesetze  fiir  die  Mechanik  ausgedehnter  Korper  zu  gewinnen  suchen,  als 
wenn  wii  direkt  mit  den  Gesetzen  fiir  die  Bewegung  einzelner  materieller 
Punkte  beginnen.  Wir  konnen  jetzt  genaiier  beachreiben,  was  es  heisst, 
wenn  wir  eagen  die  Gestalt  eines  Korpers  Sndert  sich  wahrend  seiner 
Bewegung  nicht.  Wir  konnen  durch  Anlegen  eines  Massstabea  oder 
zweiei  Zirkelspitzen,  die  wir  dann  auf  einen  Massstab  tibertragen  die  Ent- 
femung  je  zweier  beliebiger  Funkte  des  Korpers  Sd.  h.  zweier  beliebiger 
hervoTgehobener  Marken  auf  demselben  messen.  Weuu  dieselbe  fiir  alle 
Funktepaare  zu  alien  Zeiten  unverandert  bleibt,  so  sagen  wir  die  Gestalt 
des  Korpers  ist  unveranderlich.  Fiir  die  Unveranderlichkeit  des  Maas- 
stabes  oder  Zirkels  baben  wir  freilich  keine  objective  Garantie,  sondem 
nnr  die  empirische,  dass  uns  dieselben  an  alien  Korpem,  welche  schon  dem 
Augenscheine  nach  ihre  Gestalt  nicht  andern,  die  richtige  Anzeige  liefem. 
Wenn  alle  festen  Korper  in  gleicher  Weise  ihre  Dimensionen  mit  der 
Zeit  andern  wiixden,  so  konnten  wir  dies  natiirlich  nicht  bemerken. 
Wir  haben  auch  durobaoa  nicht  die  Absicht  zu  erkl&ren,  wieso  es  feste 
Korper  gibt,  wieso  wir  die  £ntfernungen  der  damit  fest  verbundnen 
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Marken  mtaeea  k&nnea.  Wir  nehmeD  dies  als  ErfabruiigsthatBaaliea  bin, 
nur  die  Gesetze  der  Veranderung  der  Entfemungen  der  Marken  ver- 
schiedener  Korper  oder  aiich  deaselbea  Koipers  falls  dieser  nicht  starr  ist, 
wollen  wir  diuch  nnsera  VorstellniigBbilder  darstellen. 

Vorbedingoi^  jeder  wissenschaftlichen  EikenntiuBS  ist  das  Princip  der 
eindeat^D  Bestinuathflit  der  Naturrorgange,  auf  die  Mecluuuk  snge- 
waodt  der  eindeutigen  Bestimmtheit  allei  Bewegungen.  Dasselbe  sagt 
ana,  dass  die  Bewegungen  der  Eorper  nicht  rein  zufallig  bald  so,  bald 
anders  tot  sich  gelm,  sondern  dasa  sie  durch  die  Umstaoder  miter  deuen 
sicb  der  Korper  befindet,  eindeutig  bestimmt  siad.  Wenn  jeder  Korper 
sich  wie  er  wollte  bewegte,  wenn  onter  gleioben  Umstuiden  bald  diese, 
bald  jene  Bewegung  je  naoh  ZofaU  erfolgte,  ao  konnten  wir  dem  Yerlaufe 
der  Erscheinungen  nur  neugierig  znseben  nicht  ihn  erforschen.  Auch 
Merin  liegt  wieder  eiue  Unbestimmtheit,  die  Umatande,  unter  denen  die 
Bewegung  ii^^d  einee  Korpers  Tor  sich  geht,  umfassen  streng  genom- 
men  das  ganze  UniTersuni.  Daaselbe  ist  nie  zweimal  im  selben  Zustande. 
Wir  miissen  also  nnsere  Bedingungen  dahin  reduzireu,  daas  immer  die- 
selbe  Bewegung  erfolgt,  wenn  die  nmnittelbare  Umgebung  sicb  in  dem- 
selben  Zuatande  befindet.  Wir  sind  bier  bei  der  indactiven  Metbode 
wieder  in  einer  welt  ungiinstigeren  Lage  als  bei  der  Dedactiven.  Denn 
da  wir  bei  der  letztern  mit  der  Aufzablung  der  Wirkung^esetze  obne 
Riicksicht  auf  jede  Erfabnmg  beginnen,  so  liegt  es  ganz  in  aoserer 
Hand  gleicb  anfangs  willktirlicb  festzustellen,  toq  welcben  Umstanden 
die  Bewegung  eines  Korpers  abbangt  und  welobe  darauf  ohne  Einfluss 
sind.  Bei  der  indactiven  Me&ode  hingegen  miisgen  wir  deu  BegriS  der 
Qiunittelbaren  Umgebung  eines  Korpers,  deren  Zustaad  auf  seine  Beweg^ 
mig  Ton  Einfluss  ist,  naoh  der  Erfahrung  bestimmen.  Nacb  der  Kahe- 
wirkongstheorie  sind  e»  nur  did  omnittelhar  anliegendeQ  Volomelemente, 
welche  die  Bewegung  irgeztd  eines  Volmnelementes  bestimmen.  Nach 
diesw  Theorie  wirkt  die  Erde  nioht  direct  aoQehend  auf  den  schweren 
KSrper  BOiid»n  sie  wirkt  nar  auf  die  Yolumelemente  eines  Mediums, 
dnrcb  welehe  sich  die  Wirkung  bis  znm  sehweren  Korper  fortpflanzt. 
Aber  wenn  wir  den  Principieu  nnserer  jetzigen  DarstelluDgsweise  tieu 
bleiben  woUeo,  so  diirf  en  wir  nicht  die  Nahewirkungstheorie  sur  Basis  dea 
gesammten  Gebaudes  der  Mechanik  machen,  wir  diirfen  vielmehr  hiezn 
nar  Gesetze  rerwenden,  welche  nichta  WiUkiirliches  enthalten,  sondem  uns 
durch  die  Erfahrung  eindeutig  und  notwendig  aufgedrangt  werden.  Die 
Nahewirkangstheorie  aber,   so  wahrscheiiilioh    sie  TieUeicht  manohem 
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tk  priori  eraoheint,  geht  doch  volUtand^  Qber  das  rein  Thatsachliche  hinans 
imd  kaim  heutzut^e  nooh  keineswega  ins  Detul  anfigearbeitet  werden. 
Wir  wiirden  da  in  denselben  Fehler  Terfallen,  den  wir  der  Hertz'scbeu 
Darstellangsweise  vorgeworfen  haben.  Wir  muasten  entweder  ganz  will- 
ktirliche  spezielle  Hypothesen  fiir  die  Art  und  Weise  der  Nahemrknng 
erfindm  oder  nns  mit  allgemeinen  onbestimmten  VoTsteUnngen  iiber  die- 
aelbe  begniigen. 

Wir  miiasen  daher  die  ganze  Erde  zur  Umgebmig  des  Bohweren  Kor- 
pere  reohnen  aber  Mond  und  Steme  dsbei  ausser  Aoht  lassen,  da  letztere 
keinen  bemerkbaren  Einfloss  ausiiben.  Eb  ist  also  wieder  eine  reine 
Annahme,  welche  wii  erst  naohtraglioh  duroh  die  Erfahrung  rechtfertigen 
miissen,  dass  wir  die  onmittelbare  Umgebong  immer  so  abzugrenzen  ver- 
mogen,  daas  wir  idles  Wesentliohe  einschlieesen  nnd  dasa  -wir  so  factisch 
zu  einer  An&tellnng  von  Bewegongagesetzen  gelangen  kounen. 

Wie  warden  wir  uns  nun  bei  unserer  jetziger  DarstelluugBweise  dem 
absolnten  Raume  und  der  absoluten  Zeit  gegenilber  verbalten  ?  An 
einem  Theile  des  abeolnten  Raumes  konnen  wir  keine  Zirkelspitze  ein- 
setzen  sondem  nnr  an  materiellen  Kiirpem.  Wir  konnen  daher  nur 
die  BeweguQg  von  materiellen  Kdrpem  relativ  gegen  einander  bestimmen. 
Wir  diirfen  jetzt  nicht  wie  bei  der  deductiTen  Methode  daa  Gedanken- 
bUd  einea  fingirten  Coordinatensyatema  unter  die  tou  una  gegenwartig 
allein  betraohteten  realen  KSrper  mengen.  Dem  Geiate  unserer  Methode 
entapreohend  miissen  wir  vielmehr  unsere  Betrachtungen  moglichst  dem 
historischen  Eutwickelungsgange  der  Mecbanik  anacbliessen.  Galilei 
hat  die  einfachen  Bewegm^fsgesetze  gefunden,  indem  er  die  Bewegung 
lelativ  g^;en  die  Erde  studirte.  Seinem  Beispiele  folgend  werden  wir 
daher  ausser  dem  Kdrper  K,  desseu  Bewegung  wir  beachieiben  wollen, 
Doch  ein  System  von  anderen  Kdrpem  in  die  Betrachtungen  mit  einbe- 
zieben,  welche  die  Bedingung  erfiilleo,  daas  alle  ihre  Punkte  ihre  Ent- 
fernungen  von  einander  nicht  andem,  daas  sie  also  alle  relativ  ruhen. 
Dieses  System  nennen  wir  daa  Bezugssystem.  Wenn  wir  daher  die 
Bewegung  eines  featen  Korpera  gegett  ein  Bezugsayatem  studiren  und 
wenn  A,  B,  O  .  .  .  markirte  Punkte  dea  erateren,  H,  F,  O-  .  .  .  solohe  des 
letztem  aind,  so  iindera  aich  weder  die  Entf emungen  AB,  AC  .  .  .  noch 
EF^  SO-  .  .  .  und  unsere  Aufgabe  beateht  bloss  darin,  die  Gesetze 
der  Veranderungen,  der  Entfemungen  AE,  AF,  BF  .  .  .  aufzustellen, 
Natiirlich  aind  hiebei  auch  wieder  vielerlei  Idealisirungen  notwendig. 
Wir  werden  kein  Syatem  von    Kdrpem    als    BezngssyBtem    aufifinden 
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konnen,  velche  so  beschafifen  sind,  dass  sie  zu  alien  Zeiten  relativ  gegen- 
einander  Ultb  Lage  abaolut  beibehalten.  Eb  geniigt,  wens  diese  Beding- 
ung  angenahert  dnroh  geniigend  lange  Zeit  erfiillt  ist. 

Femer  koonen  wir  nicht  wisseo,  ob  wir  dleselben  Gesetze  erbalteo, 
wenn  wir  das  eine  oder  andere  BezugsayBtem  wablen.  Wir  werden 
daber  jedenfalla  ein  aolcb«8  BezngsBystem  zu  wablen  haben,  dass  wir  ein- 
facbe  Gesetzd  fiir  die  Bewegnng  erhalten.  Es  zeigt  Bich  in  der  That, 
daas  die  Gesetze,  welcbe  wix  bei  za  Grundelegung  des  FixBtemhimmela 
als  Bezogssystem  erhalten  nicht  obne  kleine  Correctionen  auf  die  Beweg- 
nng relativ  gegea  die  Erde  ai^ewandt  werden  konnen  und  es  muss  als 
ein  fur  die  Entwickelung  der  Mechanik  ausserordeatlicb  gunstiger  Zufall 
bezeichnet  werden,  dass  der  Einfluss  der  Erddrebung  auf  die  verscfaiedenen 
Bewegungen,  welcbe  wir  auf  ihrer  Oberflacbe  beobacbten  ein  so  ausser- 
ordentliob  geringer  iat.  Sonst  ware  es  weit  scbwieriger  gewesen  die 
Grundgesetze  der  Mechanik  berzuleiten.  Diesem  Umstande  ist  es  zu  ver- 
danken,  dass  wir  fiir  die  Bewegungen  auf  der  Erde  den  Erdkorper  als 
Bezugssystem  wahlen  konnen.  Wir  erhalten  hiedurch  einfacbe  Gesetze, 
denen  die  wirklichen  Bewegungen  freUicb  niobt  mit  absolater  Genauig- 
keit  folgen,  aber  die  Abweicbungen  sind  so  gering,  dass  sle  aich  fast  der 
Beobachtung  entziehen.  Dies  konnten  wir  f  reilioh  nicht  a  priori  wissen ; 
aber  es  ist  kein  logischer  Fehler,  wenn  wir  zunachst  die  Gesetze  der 
Relativbewegung  gegen  die  Erde  studiren.  Finden  wir  einfacbe  Gesetze, 
80  ist  es  wieder  kein  logischer  Fehler,  deren  Anwendung  auf  die  Beweg- 
ung  der  Planeten  relativ  gegen  das  Fixstemsystem  zu  versuchen.  Bei 
dieser  Erweiterung  zeigt  sich  dann  erst  einestheils,  dass  sie  auch  fiir  den 
erst«n  Fall  angenahert  ricbtig  aein  miisseo,  anderseits  aber,  dass  derBelbe 
doch  kleiner  Correctionen  bedarf.  Diese  Correctionen  sind  so  klein 
dass  sie  una  bei  Auffindung  der  Gesetze  aue  den  irdiscben  Bewegungen 
nicht  st6rten,  dass  sie  aber  jetzt  nachdem  wir  ihre  Grossenordnui^  kennen 
gelemt  haben  doch  mit  feinen  Hilfsmitteln  beobachtet  werden  konnen. 
Dass  die  wirklichen  Bewegungen  dann  gerade  die  durch  diese  Correctionen 
bedingten  EigeathiimlichkeiteQ  zeigen,  rechtfertigt  nachher  in  glanzender 
Weiae  unsere  Metbode.  Hiemit  ist  wieder  die  padagogische  Scbwierig- 
keit  beseitigt,  welcbe  durch  die  Relativitat  aller  Bewegungen  bedingt 
wird.  Die  Frage,  auf  welches  Bezugssystem  wir  die  Fixstembewegungen 
zu  beziehen  haben,  ist  hiemit  freilich  nicht  gelost,  aber  es  liegt  in  keiner 
Weise  eine  Notwendigkeit  vor,  diese  Frage  vor  Aufstellung  der  sammt- 
lichen  Geaetze  der  Mechanik  zu  behandeln. 


.,  Google 


Zweite  Vorlesung.  285 


Wir  liaben  bisher  uber  die  Grestalt  und  Anordnung  der  Korper  dea 
za  Grande  gelegten  Bezug8B3rstem8  keine  besondere  Amiahiae  gemacbt. 
Es  bat  nun  keine  Scbwierigkeit  mit  denselben  drei  fixe  aof  einander 
recbtwinklige  Gerade  Torbunden  zu  denkeu,  welche  man  als  Coordinaten- 
Bxen  wablea  kann.  Die  Lage  jedea  an  dem  betreffenden  Korper  mar- 
kirten  Punktes  iat  dann  zn  jeder  Zeit  dtirch  dessen  recbtwinklige 
Ck>ordinaten  beziigliob  dieses  CoordiuatensysteniB  bestimmt.  Wenn 
aich  diese  mit  der  Zeit  niobt  andem,  so  befijidet  sicb  der  Korper 
in  relativer  Rube  gegen  das  BezugBBystem.  Wenn  sie  sicb  andem, 
so  ist  er  in  Bewegong  Um  den  letztem  Fall  bescbreiben  zu  kiinnen, 
ist  nocb  die  genaue  Fizirung  des  Zeitmasses  erforderlicb.  Gerade 
80  wie  wir  scbou  mit  Hilfe  des  Angenmosses  oder  des  Tastgefiihles 
grossere  raumlicbe  Ausdebnungen  yon  kleineren  unterscbeiden,  eiaen 
genauen  zablenmassigen  Ausdruck  der  Raumgrosse  aber  nur  durcb  Ver- 
gleiob  mit  einem  rationell  construirten  Massstabe  gewlnnen  koonen,  so 
konnen  wir  aucb  sobon  durcb  das  Gefobl  (den  Zeitsinn)  langere  Zeit- 
ramne  von  kiirzem  unterscbeiden,  miisaen  uns  aber  ein  genaaes  quantitar 
tives  Zeitmaas  durcb  die  Hilfsmittel  verscbaffen,  welobe  scbon  in  der 
ersten  Vorlesung  angedeutet  wiirden.  Wir  miissea  uns  da  vor  allem 
eine  Reibe  von  Vorgangen  verschaffen,  bei  denen  wir  yoUkommen  oder 
besser  gesagt,  thaolichste  Garantie  baben,  dass  sie  sich  in  gleicben  Zeiten 
abepielen.  Wir  konnen  etwa  ganz  gleicbe  Korper  unter  ganz  gleicben 
Umstanden  fallen  lassen  oder  ganz  gleicbe  Pendel  urn  gleicbe  Strecken 
auB  der  Hubelage  estfemen.  Wenn  das  erste  die  Kobelage  erreicbt, 
lassen  wir  das  zweite  seine  Bewegong  beginnen  etc.  Ob  wir  gegenseitige 
Storungen  wirklicb  geniigend  vermieden  baben,  kann  nattlrliob  nur  der 
Vergleicb  mit  yerscbiedenea  analc^n  Versuchen  zeigen.  Wir  sebn 
natiirliob  bald,  dass  ancb  ein  Fendel  die  yerscbiedenea  sicb  folgenden 
Scbwingungen  nabe  unter  den  gleicben  Umstanden  yollztebt  und  koanen 
diese  zur  Zeitmessung  benntzen.  Freilicb  ist  der  absolute  Isocbronismua 
der  Scbwingungen  wieder  ein  Ideal,  Temperatur,  Barometerstand,  Sonne 
und  Mond  haben  darauf  Einfluss,  aber  wie  alle  diese  storenden  Umstande 
bei  gut  geaibeiteten  Cbronometern  mogliobst  vermieden  werden,  wie 
durcb  eine  treibende  Kraft  die  Scbwingungen  sebr  lange  erbalten  werdeu, 
dass  man,  wenn  ein  bestimmtes  Cbronometer  endlicb  unbrauchbar  wird, 
dafiir  ein  anderes  moglicbst  gleichbesobaffenes  substituiren  kann,  das 
alles  ist  nicht  mebr  Saobe  nnserer  gegenwartigen  allgemeinen  Betracb- 
tongen. 
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Wir  wahlen  einen  bestinunten  Zeitmoment  z.  B.  den,  der  ednem 
beBtimmten  wilUturlicb  gewiihlten  Duichgang  darch  die  Ruhelage  ent- 
spricht,  als  Zeitmoment  Noll,  den  dea  niichsten  Durohgangs  duroh  die 
Ruhelage  als  Zeit  1,  die  weiter  folgenden  als  die  Zeiten  2,  S  u.s.w.  Die 
Unterabtheilungen  konnen  wir  durch  steelier  sohfringende  Stimmgabeln 
oder  duTch  Bewegungen  bestimmen,  die  sich  fiir  grossere  Intervalle  unter 
alien  Umstandeu  als  genugend  gleichformig  erwiesen  und  von  denen  wir 
Ursacbe  haben  dies  auch  fiir  kleinere  Intervalle  zn  vermuten.  So  gewin* 
nen  wir  die  Zeiten  ^  ^  u.s.w  und  es  lasst  sicli  keine  Grenze  der 
Unterabtheilung  feststellen.  Die  negativen  Zahlen  bezeiohnen  die 
Schwingungen  vor  derjenigen  der  wir  die  Zeit  Null  zugeordnet  haben. 
In  dieser  Weise  konnen  wir  slle  Zeiten  durcb  positive,  n^^atire,  gauze, 
gebrochene,  inationale  Zahlen  darstelleo,  wie  wir  die  L&ngen  durch  die 
Zahl  darstellen,  welohe  angibt,  wie  oftmals  sie  die  Langeneinheit  entbal- 
ten.  Die  Differenz  der  Zahlen,  welohe  zwei  gegebene  Zeiten  darstellen 
heiast  das  dazwisohen  liegende  Zeitintervall  oder  die  Zeitdifferenz  auch 
die  inzwischen  vorfloasene  Zeit.  Unsere  gewohnhche  Zeiteinheit  leiten 
wir  von  der  Umdrebungazeit  der  E^de  ah,  deren  Qleichformigkeit  aber 
bei  Ableitung  der  Principien  der  Mechanik  wol  besser  durch  einfachere 
Vorgange  controlirt  wird,  da  es  ohne  Kenntnis  der  mechanischen  Gesetze 
nicht  so  ohne  welters  evident  ist,  dass  die  Umdrehungsgeachwindigkeit 
an  alien  Stelleu  der  Erdbahn  dieaelbe  bleibt. 

Wir  kehren  nun  zuriick  zu  unserem  Korper  K,  den  wir  anf  ein  mit 
dem  gewiihlten  Bezugssysteme  fest  verbundeues  Ckwrdinatensysten  Ox, 
Oy,  O2  beziehen.  Ein  auf  demselben  hervorgebobener  Punkt  beEnde 
sich  zu  einer  bestimmten  Zeit  tin.  A  und  habe  die  rechtwinkeligen  Coor- 
dinaten  ai,y,z.  Wir  verbinden  ihn  durch  die  Qerade  OA  mit  dem  Coor- 
dioatenaraprunge :  Diese  Gerade  heiast  der  Lagenvector  dea  Punktea  A, 
ihre  Projectionen  auf  die  drei  Coordinatenaxen  sind  die  drei  Coordinaten 
X,  y,  2.  Wenn  nun  der  Korper  eine  gewisse  gegebene  Bewegung  macht, 
eo  miissen  wir  zunachat  jeden  Zeitmoment  der  Bewegung  etwa  durch 
Vergleiohang  der  gleichzeitigen  Bewegung  unseres  Chronoskops  durch 
eine  Zabl  darstellen.  Es  wird  zu  jeder  Zeit  eine  bestimmte  Lage  des 
Korpers  gehoren,  daher  auoh  des  Punktea  A  desselben,  daher  auch  be- 
stimmte Werte  der  Coordinaten  y,  a^  z,  welohe  wir  ana  ebenfalls  duroh 
reine  Zablen  (ganze  oder  gebrochene  Vielfache  der  Langeneinheit)  dar- 
gesteilt  denken.  Zu  jedem  Zablenwerte  der  Zeit  t  gehort  also  ein  ein- 
deutig  bestimmter  Zahlenwert  der  Coordinate  z,  x  ist  eine  eindeutige 
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Fuoktion  von  (,  ebenso  y  und  2.  Wir  soliTeiben  dies  ao  «=^((), 
y  ■>  x(0>  *  =  ^CO  °^*^  neunsn  t  das  Argninent  oder  die  independente 
Variabele,  x,  y,  s  aber  die  dependenten  Vsriabeln.  Wir  kdnnen  es  zu- 
nfiohst  als  hinlanglich  8ioh«r  gestellte  Eh^ahrungetbatsaohe  betrachten, 
dass  ein  Korper  nie  ana  einer  Lage  plotzUch  Terschwindet  tmd  im 
n&ohsten  Zeitmomeiite  in  einet  andern  tun  Endliohes  davon  Ver- 
Bohiadenen  wieder  ziun  Vorschein  kommt  nnd  dasa  dies  aach  tod  jedem 
Theile  eines  Korpera  gilt,  dass  also  ^  Xt  i''  continnirliclie  Fiinctionen 
der  Zeit  sind,  d.  h.  ihre  Zuwaclise  versohwinden  am  so  mehr  je  kleiner 
der  entspreolieDde  Zawachs  der  Zeit  ist.  Die  von  den  Yerschiedenen 
Lagen  des  Ponktea  A  zn  den  Teraobiedenen  Zeiten  gebildete  Curve  nen- 
nen  wir  die  Babn  dieses  Pnnktes,  denjenigen  Theil  deraelben,  weloher 
alien  Lagen,  die  iriihTeiid  einer  g^ebenen  Zeit  dnroblanfen  werden  ent- 
spricbt  den  wahrend  dieser  Zeit  zoruck  gelegten  Weg. 

Niobt  ganz  ao  sicber  als  die  Continnitat  der  Fnnctionen  ^  x,  '^  iat 
es,  ob  sie  aack  differenzirbar  aind.  Man  driickte  sich  in  der  alten 
Mecbanik  folgendermassen  ans.  Ea  lege  ein  Ponkt  eines  Korpers,  wahr- 
end einer  sebr  kleinen  Zeit  St  einen  aebr  kleinen  Weg  Sa  znruok.  Ea  sei 
nan  a  priori  evident,  dass  aiob  tnibrend  dieser  kleinen  Zeit,  die  UmatAnde, 
nnter  denen  eiob  der  Korper  befindet  nar  sebr  wenig  geandert  haben  kdn- 
nen,  dasa  es  daher,  w&hrend  der  niiobst  folgenden  Zeit  St  wieder  einen 
sebr  nalie  gleichen  and  gleich  gericbteten  Weg  St  zuriicklegen  mass,  ao 
dass  also  fiir  kleine  Zeiten  sowobl  der  Weg  ala  ancb  die  Goordinatenzn- 
wacbse  der  versbiobenen  Zeit  proportional  aein  mussen.  Man  glaubte 
damals  iiberhaupt,  daaa  jede  aberall  endliche  continnirliohe  Fanotion  einen 
Differenzialqaotienten  baben  mnaa.  Weieratrasa  bat  bekanntliob  gezeigt, 
dass  dies  ein  Irrtbnm  iat.  Bezeicbnen  wir  z.  B.  mit  y  die  Weierstrass- 
isohe  Reihe  so  nabert  sich  der  Zawachs  des  y,  der  irgend  einem  Zawaobse 
des  X  «Lt8prioht  an  alien  Stellen  immer  mehr  der  NuUe,  wenn  sich  dei 
betrefFende  Zawachs  das  »  der  Nalle  nabert  and  trotzdem  nabert  sich 
der  Qaotient  beider  G-rdssen  niemals  einer  beatimmbaren  Qrenze.  Bei 
der  dedaotiven  Darstellang  ergibt  aiob  hierana  wieder  nioht  die  mindeste 
Sobwierigkeit  Wir  konnen  ja  dann  onser  Bild  formen,  wie  wir  wollen 
nnd  einfach  die  DifEerenzirbarkeit  von  vomberein  in  daaselbe  anfneb- 
men,  es  damit  reobtfertigend,  dasa  daa  Bild  hinterber  mit  der  Erfabrong 
stinunt.  Aber  jetzt  ist  ea  unaere  Abaioht  von  der  Erfabrong  auszngehn. 
Nnn  lebrt  nns  zwar  dieee,  dass  sebr  baafig,  wahrend  kleiner  nook  beob- 
atditbarer  Zeiten  der  Weg  eines  Panktes  eines  Korpera  am  ao  genaaer 
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der  Terfloflseaen  Zeit  proportional  ist,  je  kiirzer  diese  ist,  woraus  wii  wohl 
auf  die  Differeiuirbarkeit  der  FunctdoQen  ip,  X'  '^  BcUiesBeD  koimen. 
Allein  wir  keDnen  auch  Beispiele  sehr  rascker  OsciUationen  und  konnen 
□icht  exact  beweisen,  ob  nickt  in  g^wissen  Fallen  Bewegungen  vorkanden 
sinci,  wie  z.  B.  die  Warmebewegui^^  der  MolekiQe,  welcke  dorch  eine 
der  Weieratrass'schen  Function  shnlicke  beaser  als  durch  eine  DifFeren- 
zirbare  dargestellt  warden.  Doch  aind  dlea  allerdings  Dinge  von  gering- 
erer  Wichtigkeit  und  wir  wollen  daher  die  DifEereuzirbarkeit  der  Coor- 
dinaten  nach  der  Zeit  unsem  weitem  Uberlegangen  za  Grande  legen. 
Unter  dieser  Voraussetzung  existiren  die  Ableitungen  der  Functionen 
^  Xi'i^  nach  der  Zeit.  Wir  nennen  sie  die  Componenten  der  Gesckwin- 
digkeit  dea  Punktes  A  dea  Korpers.  Die  Creschwindigkeit  aelbst  konaen 
wir  in  folgender  Weise  construiren :  Es  befinde  sich  der  markirte  Punkt 
des  Korpers  znr  Zeit  tiaAzm  Zeit  t  + St  in  By  bo  dass  also  OA,  und  OB 
die  daza  geh&rigen  Lagenvectoren  Bind.  Die  Gerade  AB  ist  dann  das, 
was  man  die  Differenz  der  beiden  Vectoreu  nennt.  Wir  coostroiren 
nun  einen  Vector,  welcker  die  Richtimg  AB  hat  und  dessen  Lange  der 
Quotient  AB  dividirt  dorch  St  ist.  Feruer  suohen  wir  die  Grenze,  wel- 
oher  sich  dieser  Vector  in  Groase  und  Richtung  ufihert,  wenn  &  immer 
mehr  abnimmt.  Die  so  bestimmte  Lange  ist  die  Geschwindigkeit,  die 
Richtung  aber,  der  sick  der  Vector  nahert,  die  Geschwindigkeitsrichtung. 
Wir  woUen  hier  nock  eine  Bemerkung  anfiigen.  Damit  wir  den  Weg 
durch  die  verflossene  Zeit  dividiren  konnen,  miiBsen  beide  durch  reine 
Zahlen  ausgedriickt  seiu  und  wir  haben  gesehen  wie  diea  gesohieht. 
Wahlen  wir  die  Langeneinheit  a  mal  so  gross,  so  wird  die  Zahl,  welche 
nun  eine  gewisse  Liinge  aosdriickt  a  mal  kleiner.  Ea  ist  moglich,  dass 
auch  andere  GrSsaen  dieselbe  Eigensokaft  kaben,  daaa  aie  durch  a  mal 
kleinere  Zahlen  ausgedriickt  erackeinen,  aobald  wir  die  Langeneinheit 
a  mal  Tergrosaern.  Von  alien  so  beschaffenen  Grossen  sagen  wir  dann, 
dasa  sie  die  Dimension  einer  Lange  haben.  Jede  lAOge,  (der  Wag,  die 
Coordinaten  etc.)  hat  daher  aelbstTerstandlich  die  Dimension  einer  I^nge. 
Die  Zahl,  welche  uns  die  Zeit  t  ausdriickt,  ist  natiirlich  unabhangig  Ton 
der  gewahlten  Langeneinheit,  wird  aber  a  mal  kleiner,  wenn  wir  die 
Zeiteinheit  a  mal  grosser  wahlen  und  wir  sagen  von  jedet  Ccrosae,  welche 
durch  eine  Z^  von  dieser  Eigenschaft  ausgedriickt  wird,  aie  habe  die 
Dimension  einer  Zeit.  Die  Greschwindigkeit  wird  durch  den  Quotienten 
zweier  Zahlen  gemessen,  woven  der  Zahler  die  Dimension  einer  Lange, 
der  Keuner  die  einer  Zeit  hat.     Sie  ist  also  sowohl  von  der  Wahl  der 
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Langen  als  anoh  von  der  Zeiteinheit  abhangig,  and  wird  a  mal  kleiner, 
wenn  die  erstere  a  mal  grosser,  dagegea  a  mal  grosser,  weDn  die  letztere 
a  mal  grosser  gewahlt  wird.  Wir  sagen  daher  ihre  Dimensionea  sind : 
L&nge  dividirt  durch  Zeit,  was  aber  hiemit  jeder  geheimmBvoUen  oder 
metaphf sischen  Bedeutong  entkleidet  ist.  Man  rsdet  vielfacli  statt  von 
dem  Quotienten  der  Zahl  welche  die  Zeit  ausdriiokt  in  die,  welche  die 
L&nge  ausdriiokt,  einfach  Ton  dem  Quotienten  einer  Zeit,  in  eine  Lange. 
Man  hat  da  den  Begriff  der  Division  erweitert  und  muss  den  Quotienten 
einer  Zeit  in  eine  Lange  ganz  neu  definiren,  geradeso  wie  man  den  BegrifF 
einer  negatiyen  oder  gebroolienen  Potenz  neu  definirt  und  danmter  einen 
Bmch  respektive  eine  Wurzel  versteht.  Der  Vortheil  dieser  neuen  Defi- 
nition besteht  darin,  dass  man  vielfach  Rechnungsregeln,  welche  fiir  die 
Eriihere  Definition  bewiesen  wurden  auf  die  neue  Definition  iibertragen 
kann.  Man  daif  aber  nicht  a  priori  scbliessen,  dass  dies  von  alien  Rech- 
nungsregein  gilt ;  es  muss  vielmehr  die  Ubertragbarkeit  von  jeder  Reoh- 
nimgsregel  besonders  bewiesen  werden.  Ebenso  ist  es  eine  voUstand^ 
neue  Definition,  wenn  wir  unter  der  zweiten  oder  dritten  Potenz  eines  Cen- 
timeters die  geomethsche  Figur  eines  Quadrats  oder  Wtirfels  von  1  cm. 
Seitenlange  verstehen  und  es  muss  gerechtfertigt  werden,  in  wie  weit 
diese  neue  Definition  zweckmasmg  ist.  Die  Fixirung  des  BegrifFs  der 
Beschleunignng  und  Ihrer  Componenten  nack  den  drei  Coordinaten- 
richtungen  hat  nun  nicht  mehr  die  mindeste  Scbwierigkeit.  Sei  AC  der 
Vector,  welcher  in  Grosse  and  Bichtung  die  Geschwindigkeit  zur  Zeit 
t,  OD  der,  welcher  sie  zar  Zeit  t  +  £f  darstellt.  Wir  zieben  die  Gerade 
CD,  also  die  Differenz  der  beiden  Vectoren.  Dieselbe  wird  sebr  klein 
sein,  wenn  &  sehr  kleiu  ist.  Wir  erhalten  aber  eine  endlich  bleibende 
Oerade,  wenn  wir  sie  im  Verh&ltnis  der  Zeiteinheit  zar  Zeit  &  vergross- 
em,  wobei  ihre  Riohtung  unverandert  bleiben  soU.  Die  Grenze,  welcher 
sioh  der  so  Tergrosserte  Vector  CD  mit  abnehmendem  Sf  nabert,  heisst 
der  Beschleunigungsrector,  seine  Lange  stellt  die  Orosse,  seine  Bichtung 
die  Riohtung  der  Beachleunigung  dar.  Seine  Componenten  in  den  drei 
Coordinatenrichtungen  heissen  die  Componenten-  der  Beschleunignng. 
Man  iiberzeugt  sich  in  bekannter  Weise,  dass  es  die  zweiten  Ableitungen 
der  friiher  mit  x*  0<  "¥  bezeiohneten  Functionen  sind.  Wir  miissen 
daher  die  Voraussetzung  machen,  dass  diese  Functionen  auch  zweite 
Ableitungen  haben.  Man  iiberzeugt  sioh  auch  leicht,  dass  die  Zahl, 
welche  die  Grosse  der  Beschleunignng  ausdriiokt  wieder  sowohl  von  den 
gew&hlten  Langen  als  von  der  gewahlten  Zeiteinheit  abhangt  and  a  mal 
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kleiner  wird,  wenn  erstere  a  mal  so  gross,  d^egen  e?  mal  grosser,  wenn 
die  Zeiteinheit  a  tual  so  gross  gewahlt  vird.  Wir  werden  daher  sagen, 
die  Besohleouigang  hat  die  Dimensionen :  Lange  dividirt  durch  das 
Quadxat  der  Zeit.  Wir  konnen  wieder  die  BescUeuuigung  aU  solche 
definiren  als  den  Quotieutea  eiDer  Zeit  in  eine  Geaohwindigkeit  oder  des 
Quadrats  einer  Zeit  in  eine  LaDge ;  diirfeD  aber  die  letzteren  Defiui- 
tiouen  nur  mit  einer  gewissen  Vorsicht  auwenden,  da  sie  Erweitemngen 
dea  BegriSs  der  allgebraiachen  Division  darstellen,  fiir  welche  die  Aq- 
wendbarkeit  der  verschiedenen  in  der  Algebra  bewiesenen  Reohnungg- 
regebi  erst  neu  erprobt  werden  moss. 

Nacbdem  wir  diese  Begriffe  moglichst  an  die  Erfahrui^  ankniipfend 
entwiokelt  haben,  miisseu  wir  zur  Aufstellnng  der  Gresetze  iibergebn, 
nacb  welcben  die  Bewegung  der  Eorper  geschieht.  Wir  werden  da 
natiirlicb  wieder  nicht  mit  Aufstellnng  der  Gesetze  fiir  die  Bewegung 
eines  materielleu  Funktes  beginnen,  da  dieser  eine  reine  Abstraction  ist. 
Wir  werden  uns  natiirlich  auch  nicht  der  Illusion  hingebeu,  dass  wir  ohne 
alle  Abstractionen  auskommen.  Wir  konnen  nach  meiner  Ansioht  nicht 
einen  einzigen  Satz  aussageo,  welcher  wirklich  nur  etne  reine  Erfahrung^ 
thatsache  ware.  Die  einfachsten  Worte  wie  gelb,  siiss,  saner  etc.,  welche 
blosse  Empfindnngen  anzi^^ben  scheinen,  diiicken  schon  BegriSe  aus, 
die  bereits  sus  vielen  Erfahrungsthatsachen  durch  Abstraction  gewonnrai 
worden  sind.  Wean  Gothe  s^,  die  Erfahrung  ist  nor  znr  Halfte 
Erfabning  so  will  er  mit  diesem  scheinbar  paradozen  Satze  sioher  aus- 
driicken,  das  wir  bei  jeder  begrifBiohen  Auffassung  der  Erfahrung  oder 
Darstellung  derselben  durch  Worte  schon  iiber  die  Erfahrung  hinaos- 
gehen  miissen.  Die  oft  au^estellte  Forderong,  daas  die  Naturwissen- 
Bchaft  nie  iiber  die  Erfahrung  hinausgehen  diirfe,  soUte  daher  nach 
meiner  Ansicht  dahin  ausgesproohen  werden,  dass  man  nie  zu  weit  fiber 
die  Er&hrung  hiuaus  gehen  diirfe  und  nur  solche  Abstractionen  ein- 
ftihren  solle,  die  sioh  bald  wieder  an  der  Erfahrung  priifen  lassen.  Wir 
werden  auch  nicht  das  Tragheitsgesetz  an  die  Spitze  stellen.  Dieses  mag 
theoretisch  das  einfachste  Gesetz  der  Mechanik  sein,  physikalisch  ist  es 
keineswegs  das  einfachste,  da  es  eine  ganzs  Reihe  yon  Abstractionen 
zur  Voraussetzung  hat,  worauf  ich  schon  friiher  hingewiesen  habe.  Als 
die  beiden  physikalisch  einfachsten  Falle  erscheinen  uns  vielmehr  erstens 
der  der  relativen  Ruhe  zweitens,  der  freie  Fall  eines  schweren  Korpers. 
Wie  wir  sahen,  konnen  wir  einen  Eorper  niemals  ganz  den  aussern  Ein- 
fliissen  entziehen.     Wenn  nun  solche  Einfliisse  Torhanden  sind,  von  denen 
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jeder  for  aioh  alleiu  eine  Bewegang  erzengen  wiirde,  wenn  aber  anter  dem 
Tereinten  Einfluase  aller  relative  Ruhe  gegen  daa  BezngBByBtem  Platz 
greift,  so  sagen  wir  alle  Ursaohen  der  RelatiTbewegimg  compenaiTen  sich. 
Ich  konnte  mich  auch  des  gebraooblicbaten  Aosdruckes  bedieneo,  die 
Kraf te  halten  sich  das  Gleichgewicht,  (dlein  ioh  will  abuohtUoh  die  gewotin- 
ten  Ausdriicke  Termeiden,  weil  wir  mit  denselben  unwillktirlicli  eine  Menge 
Ton  Vorstelliiagen  verbindeo,  die  siob  dann,  oboe  daas  wir  es  wollen, 
uokontrolirt  in  onsere  Soblussweise  einacbmi^^lu  und  so  den  Scbein 
erwecken,  als  Mtteo  wit  etwas  bewieseu,  was  wir  nur  gemass  unserer 
alten  Denkgewobnbeit  und  Ideenassooi&tioii  obne  Begriindung  beigefiigt 
habeu.  Icb  will  ansseidem  das  Wort  Kraft  venneiden,  ^e  icb  gleich- 
zeitig  aoob  von  der  Masse  sprechen  kann.  Endlioh  betracbten  wir  bier 
nur  die  relative  Bew^ung.  Es  kann  aber  ein  Kfirper  relativ  gegen 
seine  Umgebung  ruben,  obne  dass  sicb  die  auf  ibn  wixkenden  Krafte  das 
Ctleicbgewicbt  zu  halten  braaoben  wie  ein  Korper,  der  relativ  gegen  einen 
mit  Bescbleonigung  sidi  bew^enden  Lift  ruht. 

Wii  betracbten  nun  einen  bestimmten  Fall,  wo  die  Ursachen  der 
relativen  Bewegung  oompensirt  sind.  Ein  sobwerer  Korper  sei  an  einen 
diinnen  Faden  aufgebangt.  Wir  konuten  da  meinen,  doss  gar  keine 
Bewegungsursaoben  vorbanden  sind.  Docb  finden  wir,  dass  sofort 
Bewegui^  eintritt,  wenn  wir  den  Faden  entfemeu.  Es  miissen  also 
mindestens  zwei  Bewegungsursaohen  vorbanden  gewesen  sein,  welche 
sicb  gegenseitig  compensirten. 

Wenn  wir  die  nacb  Entfemung  des  Fadens  eintretende  Bewegong 
analysiren,  so  finden  wir,  dass  sie,  wenn  gewisse  allgemeine  Bedingungen 
erfullt  sind,  sehr  angenabert  immer  in  derselben  Weise  vot  sicb  geht. 
Diese  allgemeinen  Bedingungen  sind  folgende.  Die  Oberflacbe  dee 
Eorpera  darf  niobt  zn  gross  gegen  dessen  Gewicbt  sein,  es  darf  keine 
beftige  Luftbewegui^  um  den  Korper  heriun  stattfinden,  der  Faden  muss 
obne  Ersobutterung  durobgesobnitten  oder  ruliig  duroh  Verbrennung 
oder  sonst  wie  vemicbtet  worden  sein.  Dieselbe  Bewegung  tritt  auch 
ein,  wenn  wir  den  Korper  anfanga  mit  der  Hand  oder  einer  Zange  oder, 
einer  sonstigen  Vorrichtung  balten  und  plotzlich  obne  Ersobutterung 
sicb  selbst  iiberlassen.  Das  Cbarakteristische  aller  dieser  Anfangs- 
bedii^;iingen  bestebt  darin,  dass  sanuntlicbe  Punkt«  des  Korpers  in  den 
ersten  Momenten  der  Bewegung  sebr  kleine  Gescbwindigkeiten  haben. 
Wir  konnen  daber  annabernd  voraussetzen,  dass  sammtUcbe  Pnnkte  des 
Kdrpers  im  ersten  Momente  der  Bewegung  keinerlei  Anfangsgescbwindig- 
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keit  batten.  Wenn  dieae  Bedii^ungen  erftillt  sind,  so  lehrt  die  Erfohr- 
ung,  dasa  der  E&rper  steta  fast  genau  iiach  denselben  Gesetzen  sioh 
bewegt,  wo  immer  er  in  der  Weiie  der  Erdoberflache  sich  selbet  iiberlassen 
worden  sei.  Die  Bewegung  bestimmen  wir  dabei  natiirlich  einstweilen 
relative  gegen  die  Erde.  Wenn  wir  ons  nocb  auf  einen  niobt  zu  grossen 
Tbeil  der  Erdoberflacbe  bescbrinken,  so  ist  aacb  die  Bicbtung  der 
Bewegung  iiberall  dieselbe;  es  ist  die  des  Fadens,  der  friiber  den 
Eorper  trag.  Die  Erfahnu^  lebrt  nun  fiir  diese  Bewegung  die  folgen- 
den  Gresetze.  Eratena  der  K6rper  bewegt  sicb  parallel  zu  siob  selbst,  d.  b. 
alle  Punkte  deaselben  legen  in  gleicben  Zeiten,  gleiobe  und  gleicbgericb- 
tete  Wage  zurtlck.  Da  also  die  Bahn  fiir  jeden  Punkt  dieselbe  ist,  so 
kaoD  man  sie  als  die  Babn  des  ganzen  Korpers  bezeicbnen.  Zweiteos,  alle 
diese  Wege  sind  geradlinig.  Drittens,  die  Gescbwindigkeit  wacbst  fort- 
wabrend,  die  Bescbleonigung  ist  jedocb  iiberall,  zu  alien  Zeiten  und  sogar 
fiir  alle  Korper  dieselbe.  Dasa  diese  Gresetze  in  der  Natur  nur  mit 
gnisserer  oder  gerii^rer  Annaberung  realisirt  aind,  wurde  bereita 
besprooben. 

Wir  konnen  nnn  dasselbe  Experiment  wiederholen,  nur  dass  wir  dem 
Eorper  im  Momente,  wo  wir  ibn  sicb  selbat  iiberlassen  einen  Stoss  geben, 
oder  Bonat  wie  bewirken,  dass  er  scbon  anfanga  eine  Geacbwindigkeit  bat. 
Da  wir  die  Satze  vom  Schwerpuukt  und  der  Drebui^  der  Eorper  nocb 
nicbt  kennen  gelemt  baben,  ao  mtiaaen  wir  una  dabei  auf  die  Falle 
bescbr^ken,  wo  aicb  der  Eorper  wieder  par&Uel  zu  sicb  selbat  bewegt. 
Eb  wird  dies  zwar  nicbt  immer  eintreteu  und  wir  konnen  die  Bedingungen 
dafiir,  dasa  es  eiutritt  noch  nicht  angeben,  aber  in  vielen  Fallen  wird 
dies  atattfinden  und  diese  Falle  wollen  wir  vorlanfig  allein  betracbten. 
In  alien  diesen  Fallen  legea  wieder  aUe  Pnnkte  dea  Korpera  gleicbe 
Batmen  zuriick,  welobe  wir  alao  als  die  Babn  dea  Eorpers  bezeicbnen 
konnen.  Die  ganze  Bewegung  kann  wieder  dahin  beachrieben  werden, 
dasa  die  Besobleunignng  immer  vertikal  naob  abwarta  gericbtet  und 
iiberall  zu  alien  Zeiten  und  fiir  alle  Eorper  dieaelbe  iat.  Da  wir  nun 
geaehen  baben,  dass  die  Bewegung,-  wenn  wir  sie  an  veracMedenen  Stellen 
im  Zinuner  oder  in  deasen  Umgebung  beginnen  lassen,  immer  in  ganz 
gleicber  Weiae  vor  aiob  gebt,  ao  miissen  wir  acbliessen,  doss  die  Beweg- 
ungaursacbe,  welobe  wir  Eraft  nennen,  daselbat  iiberall  unveranderlicb 
dieselbe  iat.  Anderseits  ist  aucb  die  Beschleunigung  unveranderlicb 
dieselbe,  wir  konnen  daber  acbliessen,  dass  weuigstena  in  diesem  speziellen 
Falle  die  Bescbleunigni^  das  fiir  die  Eraft  Massgebende  ist  und  well 
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erstere  uberall  vertikal  nach  abvUrte  gerichtet  ist,  so  sagen  wir  auf  den 
Edrper  wirkt  eine  oonstante  vertikal  nach  ab^rarts  gerichtete  Kraft  die 
Sohweze. 

DbITTB  VOBLBS0Na. 

Um  tiefer  in  die  Gesetze  der  Bewegungen  einzudringen,  moaaten  wir 
jetzt  die  n&chst  einfachsten  Falle  betraohten.  Ein  naives  Gemiit  kdnnte 
da  vohl  meinen,  daas  wir  nun  die  Gesetze  nach  denen  ein  Grasbalm  wachst, 
untersucben  soQten.  Leider  aber  wissen  wir  ttber  diese  noch  heate  fast 
gar  nicbts.  Besser  ware  es  scbon  die  Gesetze  der  Wirkang  geepannter 
Scbniire,  Fedem  etc.  zu  betracbten.  Allein  aucb  da  treten  die  Beweg- 
ungsgesetze  nicbt  in  grosster  Einfacbbeit  herror.  Der  historiscbe  Gang 
war  vielmehr  der  folgende.  Nachdem  Galilei  die  Bew^^g^esetzs 
Boweit  wir  sie  bisher  betracbtet  baben,  gefimden  hatte,  sachte  Newton 
sie  Tor  allem  aof  die  Bewegung  der  Geatime  anzuwenden  und  aucb  yon 
ibm  gilt,  was  Schiller  von  Wallenstein  sagte:  ,,Fuxwabr  ibn  bat  kein 
Wahn  betrogeu  als  er  auf^rts  zu  den  Stemen  sah."  Dem  Laufe  der 
Sterne  hat  er  die  Bewegungsgesetze  abgelauscht,  aof  denen  alle  beute  in 
der  Technik  nnd  Macbinenlebre  beuutzten  Formeln  ja  iiberhaupt  unsere 
ganze  modeme  Naturkenntnis  basirt.  Freilich  biingt  der  Cbergang  zur 
Stemenwelt  manobe  Unbequemlicbkeit  mit  slcb.  Erstens  mussen  wir 
um  einfache  Gresetze  zu  erbalten,  nnaer  altes  Bewegungssystem,  als  welches 
der  Erdkorper  diente,  yerlassen  und  ein  relativ  gegen  den  Fixstemhimmel 
sich  nlcht  drehendes  Coordinatenayfltem  wahlen.  Zweitens  ist  auch  die 
Bedingong,  das  die  Planeten  sich  paraUel  za  siob  selbst  bewegen  nicht 
erfullt.  An  ihre  Stelle  tritt  der  Umstand,  dass  ibre  Entfemungen  vom 
Beobacbter  so  gross  sind,  dass  ibre  einzelnen  Tbeile  iiberhaupt  nur  achwer 
nnterscbieden  werden  konnen,  so  dass  wir  also  in  der  ersten  Annabenuig 
mit  welcher  wir  uns  wieder  begniigen,  iiberhaupt  die  Babnen  der  ver- 
schiedenen  Funkte  eines  und  desaelben  Planeten  gar  nicht  unterscbeiden 
konnen.  Wir  konnen  also  wohl  auoh  annebmen,  dass  die  Gesetze  dieselben 
waren,  wenn  die  Himmelskorper  sich  parallel  zu  sich  selbst  bewegten. 
Wir  kommen  also  bier  eiuestbeilB  dem  BegrifEe  des  materiellen  Pnuktes 
sehr  nabe,  da  die  Ausdehunug  der  bewegten  Eorper  so  klein  gegen  die 
L&nge  ihrer  Bahn  ist,  dass  letztere  fur  alle  Funkte  der  Korpers  merklioh 
gleich  wird.  Anderseits  aber  sind  wir  von  dieser  Idee  so  weit  eutfernt 
als  moglicb,  da  wir  es  mit  EOrpem  zu  thnn  haben,  die  nicbts  weniger  als 
materielle  Punkte,  vielmehr  oft  grdsser  als  nnser  ganzer  Erdkorper  sind. 
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Die  Beobaohtung  Tmd  Messnng  lehrt,  dass  sioh  im  Weltraume  haofig 
ma  einen  Centralkorp«r  ein  SyBtem  too  Himmelflkorpeni  bewegt,  welche 
wir  die  Trabanteu  uemien.  Wir  erhtdten  die  einfachsten  Geeetze,  wenn 
wir  die  Bewegimg  der  Trabanten  auf  ein  CoordinatenByatem  beziehen, 
dessea  Anfacgsptrnkt  im  Mittelpuiikte  des  betreffenden  CeDtralkdipers 
liegt  und  dessen  Azea  dreien  fest  mit  dem  FizBtemhimmel  Terbnudenen 
Geiaden  stets  parallel  bleiben.  Fiir  die  Bewegimg  der  Trabanten  gelten 
erfahrungsgemaes  die  drei  Eeppler'sobea  Gesetze.  Da  beim  freien  Falle 
die  Beschleonigung  eine  ao  wichtige  Rolle  spielte,  so  wolleu  wir  auch 
in  dieaem  Falle  die  Bescbleunigung  berechnen,  velcbe  irgend  ein  Tra- 
bant  in  aeiner  Bewegung  er^brt.  Diese  Recbung  ist  sehr  bekannt  und 
gans  leicbt.  Ea  bat  sie  EircbboS  in  aeineu  Vorlesnngen  fiber  Mechanik 
in  aehr  eleganter  Form  durcbgefiibrt.  Man  findet  aus  dem  eraten  und 
Kweiten  Eeppler'schen  Gesetze,  dass  sie  fiir  jeden  Trabanten  zu  jeder  Zeit 
gegen  dea  Centralkorper  gericbtet  und  dem  Quadrate  des  Abstandes  r 

Aus  dem  dritten  Keppler'acben  Gesetze  ergibt  sicb  ausserdem,  daas  die 
Constante  k  von  Centralkorper  za  Centralkorper  versohieden  ist,  aber 
fiir  alle  Trabanten  einea  und  desselben  Centralkorpeis  denselben  Wert 
hat.  Da  wir  achon  bei  der  Sohwere  die  Beacbleunigung  als  das  mass- 
gebende  fiir  die  Bewegui^ursacbe  oder  Eraft  erkannt  baben,  so 
woUen  wir  aucb  bier  sagen,  der  Centralkorper  iibt  auf  jeden  Trabanten 
eine  Kraft  aus,  welche  die  Riobtung  der  Tom  Mittelpunkta  des  Trabanten 
gegen  den  des  Centralkorpers  gszogenen  Geraden  hat  und  der  Lange 
dieaer  Geraden  verkebrt  proportional  ist.  Diese  ist  einstweilen  sonst 
nicbts  sis  ein  andeier  Ausdruck  fiir  die  Tbatsache  des  Vorhandenseins 
dieser  Bescbleunigung.  Newton  hat  diesen  Satz  sofort  enorm  verallge- 
meinert  indem  er  annahm,  dass  iiberbaupt  jeder  Himmelskorper  auf  jeden 
andem  ja  jedea  materielle  Tbeilcben  auf  jedea  andere  eine  aolcbe  Kraft 
ausiibt.  Wenn  daber  ein  Himmelskorper  mehreren  andem  ao  nabe  ist, 
daas  er  von  ibnen  eine  merklicbe  Einwirkung  erfahrt,  so  baben  wir  den 
Fall,  daea  er  gleicbzeitig  aua  veracbiedenen  Uraacben  yersobiedene  Be- 
scbleunigungen  nacb  veracbiedenen  Richtungen  erfabrt.  Da  wir  die 
Bescbleunigung  durch  einen  Vector  dargestellt  baben,  ao  ist  es  nicht  die 
einzig  notwendige,  aber  docb  bei  weitem  die  nabe  liegendste,  eiofscbste 
Annahme,  dass  sicb  diese  Bescbleunigungen  wie  Veotoren  addiren.  In 
der  That  zeigt  sich,  dass  man  unter  dieser  Aunabme  inimer  Ubereinstim- 
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mnng  mit  der  Erfahrung  erhalt.  Eb  ergeben  sioh  die  Storongen  der  Plsne- 
ten  unteremander,  der  Monde  durcli  die  Sonne  imd  durch  die  Planeten  in 
genauer  tJbereinstimmung  mit  der  Erfahrung.  Man  kamt  jetzt  anch  den 
Horizont  erveitem  und  alle  Himmelskdrper  suf  ein  tmd  dasselbe  mit 
dem  Fixstemhimmel  fast  verbondene  Coordinatensjetem  beziehen  und 
erli&lt  auoh  die  Bewegung  der  Centralkorper  gegen  dieses  Coordinaten- 
system  in  Ubereinstimmai^  mit  der  Erfahrung.  Die  Schwere  erweist 
sich  als  identiach  mit  der  Anziehung  des  Erdkorpera  auf  den  schweren 
Eorper.  Sohliesslich  zeigen  die  Ersohelnungen  der  Ebbe  und  Flut,  die 
Versuohe  von  Cavendish,  Maskelyne,  Airy  etc.  die  Riohtigkeit  der  Aus- 
dehnung  des  Newton'schen  Gesetzes  aaf  die  irdischen  Eorper.  Da  die 
virklicbe  Beschleunigong  immer  die  Vectorsumme  der  verschiedeneu 
von  den  wirkenden  Korpem  erzeagten  Beschleonignng  ist,  so  f  o^  jetzt 
ale  qwzieller  Fall  des  Newton'schen  Gesetzes,  daas  ein  Eorper,  weloher 
von  alien  libiigen  so  weit  entfemt  \rare,  dass  keiner  derselben  eine  Wirk- 
ung  aaf  ihn  ansiiben  wiirde,  za  alien  Zeiten  die  Beachlennigung  Noll 
erfiihre.  Wir  erhalten  also  erst  jetzt  das  TiiigheitBgesetz.  Selbstver- 
standlich  ist  hiemit  tiber  die  TTrsaohe  der  Newton'schen  Kraft,  ob  die- 
selbe  eine  direkte  Femwirkung  ist  oder  durch  ein  Medium  vermittelt 
wird,  nicht  das  mindeste  pr&judicirt.  Wir  kdnnten  such  jetzt  schou  den 
Begriff  der  Masse  ableiten.  Die  Massen  zweier  Centralkdrper  wurden 
sich  ja  wie  die  ihnen  entsprechenden  Werte  der  Constanten  k  des  Gravi- 
tationsgesetzeB  verhalten  und  durch  den  Cavendish'schen  Vcrauch  konnte 
diese  Definition  auch  auf  irdische  Eorper  ausgedehnt  werden.  Allein  wir 
wurden  da  die  Proportionalitat  der  CouBtante  k  mit  der  ale  Tragheits- 
widerstaad  definirten  Masse  vorwegnehmen,  was  offenbar  ein  logischer 
Fehler  ware.  Wir  miissen  daher  zum  Begrifie  der  Masse  auf  ganz  an- 
derem  Wege  za  gelangen  suohen.  Wir  haben  bisher  als  das  Massge- 
bende  fiir  die  Kraft  die  BescMeunigung  betrachtet.  Eb  konnte  nun  als 
das  einfachste  erscbeinen,  die  Grosse  der  Beschleunigung,  welche  ein 
Eorper  durch  einen  andern  erfahrt,  einf ach  ala  die  Grosse  der  Kraft  zu 
bezeiohnen,  welche  der  letztere  auf  den  ersteren  aiisiibt.  Eb  gescbieht 
dies  auch  manches  Mai  und  man  bezeichnet  die  so  definirte  Kraft  als  die 
beachleunigende  Kraft.  Allein  im  AUgemeinen  ist  es  besser  einen  andern 
Begriff  einzufiihren.  Wir  denken  namlich  beim  Worte  Kraft  in  erster 
Linie  an  die  Muskelanstrengimgen,  welche  wir  ausiiben  konnen.  Kun 
liegt  freilich  kein  Grund  vor,  ja  es  ware  ganz  verkehrt  anznnehmen,  dass 
jedes  Mai,  wenn  unbelebte  Kdtper  Krafte  aufeinander  ausiiben  etwas 
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vorbanden  sein  mtisse,  was  diesen  Muskelamrtrengiuigen  i^endwie  ent- 
spricht.  Allein  es  wird  sich  doch  empfehlen,  'wenn  wir  die  Bezeich- 
nungen  bo  waUen,  dass  sie  sich  den  duroh  diese  Muakelanatrengungen 
erworbenen  BegrifFen  mogliohst  gut  anschlieSBen.  Wir  Bahen,  daas  alle 
Kdrpei  durch  die  Sohwere  die  gleiche  Beschleunigtmg  erfahren.  Wiiiden 
wir  nan  diese  ohne  weiterea  Factor  als  Maes  der  Kraft  wahlen,  bo  ware 
die  Kraft,  welche  die  Sohwere  auf  sie  ausiibt,  (das  Gewicht)  fiir  alle 
Korper  dasselbe.  Nun  lelirt  aber  die  tagliclie  Erfahrung,  dass  die  Mue- 
kelanstrengong  welohe  wir  brauchen,  um  den  Fall  aufzuhebett,  fiir  ver- 
sohiedene  Korper  sehr  verachieden  ist.  Wollen  wir  daher  mit  unseren  Vor- 
stellongen  im  Eiuklang  bleiben,  so  mussen  wir  sagen,  dasa  auoh  die  Schwere 
auf  die  Terscbiedenen  Korper  sehr  rerschiedene  Krafte  ausiibt,  dass  aber 
die  Korper  von  grosBerem  Oewiohte  dieser  beschlennigenden  Wirkung  der 
Schwere  einen  grosseren  Widerstand,  den  TragheitBwiderstand,  die  Masse, 
eatgegensetzen,  so  dass  erst  in  folge  beider  Umatande  zusammen  alle 
Korper  die  gleiche  BeBchleunigung  erfahren.  Um  die  Masse  in  dieser 
Weise  als  Tr^beitswiderstand  zn  definiren,  miisseii  wir  an  Terschiedene 
Korper  die  gleiche  Kraft  anbringen.  Das  Verhaltnis  ibrer  Maseen  kon- 
nen  wir  dann  als  das  verkebrte  Verhaltnis  der  Besobleunigungen  defi- 
niren, die  sie  durch  gleiche  Krafte  erhalten.  Aber  darin  liegt  eben  die 
groBste  Schwierigkeit  wie  man  die  Gleicbheit  der  Krafte,  wenn  diese  aof 
Terschiedene  Korper  wirken,  ohne  logiscben  Fehler  feststellen  soil.  Man 
konnte  zwei  Korper  dem  Zuge  gleicb  bescbaffener  gleioh  gespannter 
Schnure  oder  elastiscber  Fedem  onterwerfen.  AUeiu  da  miisste  man 
erst  durch  compUcirte  der  Erfahrung  entnommene  Ai^umente  als  wahr- 
sobeiulioh  hiuzustellen  sucben,  dass  gleich  beschaffene  Sotmiire  auf  zwei 
ganz  Terschiedene  Korper  dieselben  Krafte  ausiiben,  was  gewiss  nicht 
a  priori  OTident  ist.  Wir  konnten  aucb  nach  Maob  einfach  den  Satz 
der  Gleicbheit  der  Wirkung  und  Gegenwirkung  postuliren.  Wenn  dann 
bloss  zwei  Korper  in  Wecbselwirkung  begriffen  sind,  so  ware  die  Gleioh- 
faeit  der  Krafte,  welche  auf  beide  Korper  wirken  OTident.  Wenn  sie  sich 
zudem  nur  ParallelTerschiebungen  ertbeilen,  so  ware  das  Verhaltnis 
ihrer  Massen  einfach  zu  definiren,  als  das  verkehrte  Verhaltnis  der  Re- 
Bchleunignngen,  welche  an  ihnen  zu  beobachten  sind.  Allein  bei  der 
Wirkung  dazwiBcben  gebrachter  Schniire,  Faden  etc.  haben  wir  eigent- 
lich  Bcbon  immer  mehr  als  zwei  in  Wecbselwirkung  begriffene  Korper 
and  «B  wiirde  auch  die  Deformation  dieser  Zwischenkorper  in  Betracht 
zn  Ziehen  sein.     Der  Ton  Mach  angenommene  Fall  konnte  also  in  reiner 
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Weise  eigentlich  nnr  bei  directei  Fernwirkung  Torkommen  and  es  ware 
sehr  misalicti,  wenu  man  vom  rein  empirisohen  Standpunkte  aus  die 
directe  Femwirkong  a  priori  annehmen  miisate.  Streintz  sucht  eine 
eiawurfsfreie  Definition  in  folgender  Weise  zu  gewinnen.  Er  denkt 
sich  irgend  ein  System  beliebiger  Eorper.  In  demselben  kommen  zwei 
Korper  K^  and  K^  vor.  Diese  mhen  im  ersten  Augeablicke  und  begiunen 
Bich  dann  mit  Beschleonigung  aber  jeder  parallel  zu  sich  selbet  zu  be- 
wegen.  Ea  soil  nan  die  Bewegung  beider  Korper  dadurch  aufgehoben 
werden  konnen,  daaa  man  sie  etarr  nut  einander  verbindet.  Dies  ver- 
wendet  er  ols  Eriterium,  daaa  friiher  auf  jeden  geoau  die  gleicbe  Kraft 
virkte,  well  sicli  beide  Erafte  duroh  bloaae  starre  Verbindung  jetzt  auf- 
heben.  Er  nennt  diese  Begriffabeatimmong  der  Gleichheit  der  Kraft  die 
atatische.  Sie  hat  daa  fiir  aioh,  daaa  aie  daa  Princip  der  Gleichbeit  der 
Wirkui^  nnd  Qegenwirkung  inrolvirt,  wie  man  sofort  siebt,  wens  roan 
den  speziellen  Fall  betracbtet,  dass  das  gauze  System  bloss  aus  den  zwei 
auf  einander  virkenden  Korpem  K^  und  K^  beatebt.  Sie  bat  aber  docb 
auch  manchea  'Willkurliobe.  Daaa  durob  die  starre  Verbindung  die  Wirk- 
ung  der  iibrigen  Krafte  nicbt  gestdrt  wird,  kann  wieder  boohstens 
erfahrungsmaaaig  wabrscbeinliob  gemaobt  werden.  Dass  die  Verbin- 
dungskrafte  sicb  zu  den  iibrigen  addiren,  setzt  schon  gewisse  Satze  der 
Statik  Toraoa.  Nocb  grosser  wilrden  die  Schwierigkeiten,  venn,  die 
Korper  K^  und  K^  anfanga  in  Bewegung  begriffen  waren.  Wollte  man 
da  nicht  von  vomberein  annebmen,  daas  die  Erafte  bloes  von  der  rela- 
tiven  Lage  abhai^n,  darch  den  aua  der  plotzlicben  starren  Verbindung 
resultirenden  Stoss  niobt  gestort  werden  und  Ahnlichea,  so  miisste  ibre 
Bescbleunigung  durcb  eine  die  Bewegung  gestattende  und  auf  beide 
Korper  bloss  beschleunigend  wirkende  plotzlich  eingescbaltete  Feder 
aufgehoben  werden.  Halt  man  einmal  an  der  Streintz'scben  Voratellung 
feat,  so  bat  die  Definition  der  Maasenverbaltnisaes  weiter  keine  Scbwierig- 
keit.  Die  Massen  der  beiden  Eorper  K^  nod  K^  verhslten  aicb  dann 
umgekebrt,  wie  die  Bescbteuoigungen,  die  sie  im  ersten  Falle,  wo  keine 
starre  Verbindung  vorbanden  war,  erbielten,  da  ja  damala  auf  beide 
gleiche  Krafte  wirkten.  Naturlicb  ist  sowobl  bei  der  Mach'achea  ala  bei 
dec  Streintz'scben  Definition  nocb  inuner  erforderliob,  sicb  auf  besondere 
Erfabrungssatze  zu  berufen,  vermoge  welcber  daa  Maaaenverbaltnis 
zweier  Eorper  immer  gleich  ausfallt,  unter  was  inuner  fur  Umstanden 
man  den  biezu  dienenden  Veraucb  angesteUt  haben  mag  und  vermoge 
welcber  daa  Verbaltnia  der  Masaen  der  Eorper  K^  and  K^  stets  gleicb 
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detn  Prodacte  der  beiden  MasseiiTerhaltnisBd  der  K&rper  jS^,  Kf  und  S^ 
JT,  iflt. 

Zu  bemeiken  ist  noch,  dus  wir  nur  das  Verhaltnis  zweier  Massen  btsbflr 
definirt  haben.  Urn  die  Masse  durcb  eine  ZaHl  aoszadruckeii,  miissen 
wir  irgend  eine  Masse  villkiirlich  als  eine  neue  Kinbeit  wahlen.  Von 
alien  Grosaen,  welcbe  daber  durob  Zablen  ausgedrtickt  werdeo,  deren 
Grosse  voo  der  Wabl  der  Masseneiiilieit  abbangig  ist,  werden  wir  sagen 
dass  sie  gewisse  Dunensionen  beziiglicb  der  Masse  baben.  Haben  wir  den 
Begriff  der  Masse  in  der  einen  oder  audeni  Weise  festgestellt,  so  hat  die 
Definition  der  Kraft  im  gewobnlicben  Sinne  oder  wie  man  auob  sagt,  der 
bewegenden  Kraft  keine  Scbwierigkeit  mebr.  Dieselbe  ist  das  Product 
der  Masse  in  die  Bescbleunigungen  und  bat  daber  beziiglicb  der  Masse 
die  Dimension  eins.  Da  sich  die  Bescbleunigungen  wie  Vectoren  addi- 
ren,  so  gilt  dies  auch  TOn  den  Kraften,  wenigstens  insoweit  wir  diese 
bisber  betraohtet  baben.  Dieser  Satz  vom  E^ftenparallelogramm  sowie 
die  iibrigen  bisber  entwickelten  Satze,  konnen  nun  auob  auf  die  Statik 
und  Dynamik  der  durob  gespannte  Faden  oder  durcb  Fedem  erzengten 
Druck  und  Zngkrafte  ubertragen  werden.  Nattirliob  zonacbst  bloss  in 
dem  idealen  Falle,  dasa  die  Bewegung  der  einzelnen  Theile  der  Faden  nnd 
Federa  niobt  betrachtet  wird  und  dass  die  bewegten  Kdrper  siob  stets 
parallel  zu  siob  selbst  bewegen.  Ee  konnte  so  z.  B.  die  Mecbanik  der 
Atwood'scben  Fallmascbine  mit  Hilie  des  bisber  Entwickelten  obne 
weiteres  discutirt  warden. 

Aus  dem  Umstande,  dasa  aicb  das  Newton'sobe  GraTitationsgesetz  in 
symetriscber  Weise  beziiglicb  beider  wirkender  ESrper  auasprecben  muss 
und  dass  die  Anziebungsoonstante  S  (iir  alle  Trabanten  desselben  Cen- 
tralkorpers  gleicb  ist,  leitet  man  leicbt  ab,  dass  diese  gleiob  dem  Producte 
der  Massen  der  beiden  wirkenden  Eorper  in  eine  fiir  das  ganze  UniTersom 
constante  Grosse  sein  muss,  wabrend  die  Tbataacbe,  dass  aUe  Korper 
durch  die  Scbwere  die  gleicbe  Bescblennigung  erbalten,  sobon  lebrt,  dass 
das  Gewicbt  der  Masse  proportional  aein  muss. 

Wir  Bind  aber  nocb  sebr  weit  davon  entfemt  aus  den  bisber  entwickel- 
ten  Grundli^n  sammtliche  Satze  der  Mecbanik  ableiten  zu  konnea. 
Wir  baben  ja  bisber  bloss  die  Bewegung  eines  festen  Eorpers  parallel  zu 
siob  selbst  betracbtet  und  baben  den  wicbtigen  Begrifi  des  AngrifFspunk- 
tes  einer  Kraft  nocb  gar  nicbt  gewonnen.  Um  diesen  za  erbalten,  um  die 
Drebui^  der  starren  Eorper,  die  Defonnationen  der  elastisoben  nnd  die 
Bewegungen  der  fiiissigen  bebandeln  zu  konnen,  massen  wir  von  uenen 
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Thatsaohen  auBgehen.  Wenn  ein  Faden  an  einem  Korper  befestigt  ist 
Oder  eine  Feder  aof  eine  einzige  Stelle  desselbea  driickeud  wirkt,  so  gibt 
es  stets  eine  ganz  kleine  Partie  des  Korpers,  welche  zun&chat  von  der 
Kraft  afficirt  viid.  Loaen  wir  dieae  los  nnd  ateUen  einen  kleinen 
Zwiaolieniaum  zwiaohen  ihr  und  den  tibrigen  Theilen  des  Korpers  her, 
80  wird  derselbe  erst  wieder  affioirt,  wenn  dieser  Zwischenraum  duroh 
die  Bewegung  des  kleinen  abgetrennten  Theiles  sich  ausgefiiUt  hat. 
Wir  nennen  daher  diesen  Theil  die  AngrifEstelle  und  konnen  sie  wieder 
Eu  einem  Angriffspunkte  idealisiren.  Wir  miiasen  nun  noch  die  bekann- 
ten  Satze  tiber  die  Versetzbarkeit  von  Kraften  an  starren  Koipem  ala 
idealisiite  Erfahrungsthataachen  beifi^en.  Mittelst  derselben  konnen 
wir  dann  in  ebenfalls  hinlanglioh  bekannter  Weise  die  Satze  tiber  das 
Gleichgewicht  von  beliebigen  Kraften,  welche  auf  einen  etarren  Korper 
wirkeo,  die  Satze  von  den  statischen  Momenten  ableiten.  Wir  aohlagen 
hier  insofeme  einen  analogen  Weg  ein,  wie  Streintx  bei  der  Definition 
der  Masse,  als  wir  von  der  Statik  aoagehen  nnd  erst  von  dieaer  zur 
Dynamik  gelangen.  Die  S&tze  von  den  statischen  Momenten  haben  wir 
da  freilich  zunachat  bloss  f iir  eine  begrenzte  Zahl  von  Kraften  bewieseu, 
von  denen  jede  nur  auf  einen  einzelnen  Punkt  des  Korpers  wirkt.  Wir 
miiasen  dazu  noch  die  Annahme  hinzafiigen,  dass  man  im  Falle,  wo  die 
Krafte  den  Korper  oder  einen  ausgedehnten  Theil  desaelben  als  Gauzes 
anfassen  die  Sache  immer  so  amehen  kann,  als  oh  aie  auf  Behr  viele 
respectiTe  unendiich  viele  Funkte  seiner  Oberfl&ohe  oder  seines  Innem 
gerade  so  wirken  wiirden,  als  ob  an  jedem  dieser  Funkte  eine  ein  wenig 
gespannte  Sohnur  oder  eine  ein  wenig  driickende  Feder  befestigt  ware. 
So  mass  mann  z.  B.  von  der  Schwere  annehmen,  das  sie  gleiohmassig 
auf  alle  Funkte  des  schweren  Korpers  wirkt.  Einen  andere  Weg,  auf 
welchem  maU  den  Ubergang  von  der  Bewegong  parallel  zu  sich  selbst 
zur  Drehbewegung  versuchen  kdnnte,  will  ich  hier  nur  ganz  kurz 
andeaten.  Wir  konnen  ana  dem  Frincipe  der  Erhaltosg  der  lebendigen 
Kraft  folgenden  Satz  ableiten.  Wenn  auf  einen  festen  Korper  eine  Kraft 
wirkt,  die  ihn  anr  parallel  zu  aich  selbst  zn  hew^en  sucht,  so  muss 
immer  eine  ihrer  Richtitng  parallele  Grerade,  welche  wir  die  Angriffslinie 
nennen  wollen,  von  solcher  Beschaffenheit  exiatiren,  daas  wenn  num  einen 
beliebigen  Punkt  des  festen  Korpers,  welcher  auf  deraelben  liegt,  festholt, 
der  Korper  ins  Gleichgewicht  kommen  muss.  In  gleioher  Weise  kann 
man  beweisen,  dasa,  wenn  zwei  feste  Korper  K^  und  ^  so  in  Wechsel- 
wirkung  begriffen  aind,  daas  jeder  dem  andem  nor  eine  Bewegung  parallel 
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zu  sich  selbst  ertheilt,  Wirkaug  und  Gegenwirkung  gleich  sein  muae  and 
die  AugrifFsUnieii  zusammeiifalleii  musBen.  Denkt  man  sich  dann  einen 
Punkt  A  der  gemeinsamen  AngrifFslinien  festgehalten,  so  muss  das  ganze 
System  ina  Gleichgewiclit  kommen.  Jeden  solchen  Punkt  konnen  wir  als 
Angriffspunkt  der  Kraft  betrachten.  An  diesen  Begriff  des  Angriffs- 
punktea,  konnen  dann  ebenfalls  die  Satze  von  den  statischen  Momenten 
gekniipft  warden. 

Hat  man  einmal  diese  Satze  so  oder  so  gewonnen,  so  muss  man  znr 
Zerlegbarkeit  der  Eorper  in  Volumelemente  iibergehen.  Man  fuhrt 
wieder  als  Erfahrungssatz  an,  dass  sehr  viele  Korper,  wenigstens  mit 
geniigender  Annahenmg  in  zwei  Eorpei  von  je  der  kalben  Masse  zerlegt 
warden,  wenn  man  sie  in  zwei  Theile  von  gleichem  Volumen  zersclineidet. 
Analog,  wenn  man  sie  in  drei  gleicbe  Theila  tbeilt  u.  s.  f.  Denkt  man 
sich  dies  ins  Unendliche  fortgesetzt,  so  gelangt  man  zu  einem  Satze, 
den  man  dahin  aussprechen  kann  dass  diese  Eorper  aus  uuendlicli  vielen 
Volumelementen  dv  bestehen  und  die  in  jedem  Volumelemente  entbaltene 
Masse  dm  =  pdv  ist.  Bei  andem  inbomogenen  Korpem  gilt  dies  wenig- 
stens nahezu  fiir  jeden  kleinen  Volumtheil  des  Eorpers,  ao  dass  wir  die- 
aelbe  Formel  anwenden  konnen,  wenn  wir  p  als  von  Punkt  zu  Fnnkt 
Terandarllch  betrachten. 

Was  nun  die  Erafte  anbelangt,  welche  die  Volumelemente  feater 
Eorper  aufeinander  ausiiben,  so  muas  man  annehmen,  dass  jedes  Volum- 
elemant  nur  auf  die  unmittelbar  benaohbarten  wirkt  und  dasa  es  auf  alle 
der  TrennungsSache  anliegenden  Ponkte  Kififte  ausiibt,  welcbe  geiade 
so  wirken,  als  ob  daran  ziehende  geapannte  Faden  oder  driiokende,  auf- 
gestutzte  Stabe  befeatlgt  waren.  Wenn  die  Trennungsfliiohe  eben  und 
geniigend  klein  ist,  so  muss  man  zudem  annehmen,  dass  diese  Krafte 
gleichmassig  auf  alle  der' Trennungsflache  anliegenden  Punkte  wirken. 
Diese  Satze  konnen  wol  kaum  direct  erfahrungsmassig  beat^tigt  werden 
und  finden  ihre  Rechtfertigung  nur  in  der  nachherigen  Ubereinatimmnng 
der  aus  ihnen  entwickelten  Satxe  mit  der  Erfahrung.  Wendet  man  den 
Satz  Ton  den  statischen  Momenten  auf  ein  Volumelement  an,  so  findet 
man,  dass  im  FaUe  des  Gleichgewiohtes  die  auf  ein  zur  ar-axe  senkrechtes 
Flachenelement  in  der  y-Richtung  wirkende  Eraft  gleicb  sein  muss  der 
auf  ein  gleiches  zur  y-Richtung  senkrechtes  Flachenelement  in  der 
a:-Richtung  wirkenden  Kraft,  was  wir  den  Satz  X  nennen  wollen.  Zu 
den  bisher  aufgeatellten  Annahmen  welche  wir  uos  als  durch  die  Erfahr- 
*^S  genugend  motivirt  dachten,  sind  noch  die  folgeaden  hinzuzunehmen. 
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Erstens,  dieelastiaohe  Kraft  ist  bloss  toq  der  augenbKcklichen  Gestaltrer- 
andening  des  betreffenden  Korpers,  nicht  Ton  den  friiheren  Znstanden 
desselben,  nocb  aiich  toq  der  GeBchwindigkeit  seiner  Theilcben  abhangig. 
Zweitens,  jedes  Volumelement  bewegt  sich  nach  den  Gesetzen,  welcbe  wir 
bisher  bloss  fur  die  Bewegung  panillel  zu  sich  selbst  abgeleitet  haben. 
Unter  diesen  Anoabmen  erhalt  man  dann  sofort  die  Gleicbungen  der 
gewohnlicbeD  E^aaticitatelehre.  Dieselben  gelten  oatiirlioh  wieder  nur 
fiir  einen  ideaten  festen  Korper,  alle  festen  Eorper  zeigen  innere  B«ibung 
and  elastisohe  Nacbwirkong,  welobe  wir  bisher  ausgeecblossen  baben. 
Aucb  der  Satz,  welcben  Trir  den  Satz  X  nannteo,  ist  keineswe^  a  priori 
evident.  Lord  Kelvin  hat  sich  einmal  den  Lichtather,  sonat  ganz  mit  den 
Eigenachaften  begabt  gedacht,  welche  wir  an  festen  Korpem  -wabcnehmen, 
nur  dasB  er  die  Richtigkeit  diesee  Satxes  X  fallen  liesa.  Wir  wollen  uns 
bier  nicht  in  eine  Discussion  einlassen  ob  durch  die  Annahme  Lord 
Kelvins  das  Verhalten  des  Lichtathers  erklart  werden  kann.  Es  geniigt 
uns,  dass  derselbe  ohne  idle  inneren  Widerapruche  Bewegungsgleichungen 
fiir  die  Volumelemente  eines  featen  Korpera  ausarbeiten  konnte,  fiir 
welcben  der  Satz  X  nicht  gilt.  Wir  wollen  jedoch  vorlaufig  bei  Koipern 
atehen  bleiben,  welche  den  idealen  Gleichungen  der  Elasticitatslebre 
genugen.  Wenn  aolche  Eorper  bo  wenig  deformirbar  sind,  dass  man  aie 
als  atarr  betrachten  kann  und  wenn  durch  beliebige  Syateme  derselben 
belieb^^  Bedingungagleiohungen  realisirt  sind,  ao  kann  man  jetzt  lelcht 
nachweisen,  daas  fiir  dieselben  das  vereinigte  Princip  der  virtaellen 
Geschwindigkeiten  uud  d'Alembert's  gelten  muss.  Denn  wenn  man 
alle  Krafte  auoh  die  elastischen  ins  Auge  fasst,  bo  Terschwiodet  jedenfalls 
die  Summe 

da  jedes  Glied  dieaer  Summe  einzeln  verschwindet.  Da  aber  die  Wirkung 
immer  gleich  der  Gegenwirkung  ist,  bo  miissen  die  Glieder  dieser  Summe, 
welche  sich  auf  die  Wechselwirkong  der  Volumelemente  beziehen  eeparat 
verBchwiuden,  wenn  diese  starren  Korpem  angehoren  also  keiner  relativen 
Lagen&nderung  fahig  sind,  wahrend  bei  blosa  eisBeitlgen  Verbindnngen 
die  bekannten  Ungleichungen  abgeleitet  werden  kounen.  Dies  kann 
aach  auf  Verbindnngen  iibertragen  werden,  die  nur  theUweise  starr  sind 
z.  B.  onausdehnsame  Flachen,  Faden  etc. ;  denn  dieae  konnen  immer  als 
Grenzfall  aehr  diinner  elaatiacher  Korper  betrachtet  werden.     Man  erhalt 
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BO  das  vereinigte  Princip  der  -virtaeUen  Versoliiebungen  and  d'AlembOTt's 
in  der  gewohnliahen  Form.  Erst  aus  diesem  Phnoipe  kiiuuen  wic  jetzt 
die  Satze  von  der  Bewegang  des  Schwerpunkts,  Tom  Tragheitsmomente 
etc.  ableiten.  Diese  Satze  erscheinen  daher  in  unserem  SyBteme  erst  an 
dieser  Stelle.  Es  kann  dies  nicht  anders  sein ;  denn  darin  besteht  ja  das 
Wesen  der  inductlTen  Methode,  dass  wir  nicht  den  Begiiff  des  materiellen 
Pnnktee  als  eines  unausgedehnten  mit  Masae  begabten  Korpers  postuliren, 
sondem  die  Scbliisse,  welcbe  man  sonst  mit  Hilfe  dieses  BegrifEes  macht, 
erst  ausfiibren,  wenn  wir  zur  Vorstellung  des  Volumelementes  gekommen 
sind,  velcbe  vir  eher  der  E^fabrung  entnebmen  zu  konnen  glauben,  als 
die  des  materiellen  Punktes.  Wir  konnen  dann  diese  Satze  erst  erbalten, 
wenn  wir  die  Wechselwirkong  der  Volumelemente  behandelt  babes. 
Wir  mossten  freilicb  schon  fiiiber  an  zwei  Stellen  vom  Begriffe  des 
matbematischen  Ponktes  Gebraucb  macben,  namlicb  als  wir  die  Beweg- 
ong  eines  einzigen  berro^^bobenen  Funkt«8  eines  Eorpers  betracbteten 
nod  als  wir  KrSfte  fingirten,  welche  an  einem  einzigen  Punkte  eines 
Eorpers  angreifen.  Allein  da  war  die  Abstraction  doch  viel  einfacher 
ond  klarer,  als  wenn  wir  das  Ideal  eines  unansgedebnten  mit  Masse 
begabten  Korpers  bilden  nnd  dessen  Drebung  einfacb  Ternacblassigen, 
ohne  doss  wir  die  Gesetze  der  Drebung  vorber  kennen  gelemt  baben. 
Manohe  Satze  konnten  wir  allerdings  aucb  auf  einem  andem  als  dem 
eingescblagenen  Wege  gewinnen.  Ein  Analogon  des  Sohwerpunktsatzes 
konnten  wir  z.  B.  ableiten,  indem  wir  ein  System  von  ausgedehnten 
Eorpem  betracbten  wiirden,  zwischen  deoen  innere  Kraite  thatig  sind 
nnd  anf  welcbe  ancb  aueaere  Krafte  wirken,  welche  ihnen  aber  alle  nor 
Bewegungen  parallel  zu  sich  selbst  ertheilen.  Nimmt  man  dazu  noch  die 
Annabme,  dass  fiir  die  innere  Krafte  Wirkung  and  Gegenwirkung  immer 
gleich  ist,  so  wiirde  ein  dem  Schwerpunktsatze  ahnlicher  Satz  fiir  ein 
solches  System  in  Wecbselwirkung  begrifiener  ansgedebnter  Eorper 
folgen. 

Die  Erafte,  welche  in  Fliissigkeiten  wirken,  konnen  als  ein  spezieller 
Fall,  der  in  elastischen  Eorpem  wirkenden  betraohtet  werden  und  sie 
konnen  daher  ebenialls  nach  der  im  bisberigen  anseinandergesetzten 
Methode  gewonnen  werden.  Die  G^staltanderungen  der  Fliissigkeiten 
k&nnen  dann  durch  die  Bewegung  der  Volumtheile  derselben  dargestellt 
werden,  welche  die  entwickelten  G«setze  bef olgt ;  nur  dass  die  Deforma- 
tion des  Eorpers  als  Ganzes  jetzt  eine  beliebig  grosse  sein  kann. 

Wir  haben  hiemit  das  Gebiet  der  eigentlichen  meoh&nisohen  Ersohun- 
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nngen  erschopft.  Bei  den  dissipatiTea  Enoheinnngm  (elastisohe  Naoh- 
wirkang,  Reibung  etc.)  spielt  bereits  die  entwickelte  W&rme  eine  Rolle. 
Wir  konnen  natiirliclL  die  Form  der  frlihem  Gleichangen  wahren,  indem 
wir  zn  den  bisher  abgeleiteten  Eraften  noch  Glieder  tod  8olcher  Be- 
sohaffenheit  hinzu  addiren,  dass  deren  Summe  genau  gleich  dem  Werte 
der  mit  der  Masse  multiplicirtea  Beschleimigung  wird.  Diese  Zusatz- 
glieder  konnen  wir  daun  immer  als  Reibungskraft,  Mittelswiderstauds- 
kraft  etc.  bezeichnen,  dock  hat  diese  Darstellong  etnen  rein  formalen 
Wert,  wenn  die  Zoaat^Iieder  in  ganz  complicirter  Weise  von  der 
Bewegongsgeschwindigkeit,  den  fruhem  Zustanden  etc.  abhangen.  Els 
bietet  die  Molekulartheorie  da  entschieden  mehr  Ansohaalichkeit,  da  sie 
die  Zosatzglieder  dock  durck  lai^^same  Drekung  der  Molekiile  in  nene 
Rufaelagen,  Umsetzung  der  sichtbaren  Bewegung  in  Molekularbewegung 
etc.  einigermassen  Tersinnlichen  kann.  Das  Frincip  der  virtuellen  Ver- 
sohiebung  behalt  dann  natiirlich,  bo  lange  es  auf  daa  Gleickgewicht 
rukender  Korper  angewendet  wird,  seinen  Sinn,  da  bei  der  Rnhe  dissipa- 
tive  Vorgange  fehlen.  Aber  das  d'Alembert'sche  Prinoip  ist  auch  zu 
einer  leeren  Formal  herabgeaunken,  bo  bald  sich  in  den  Ausdrilcken  fiir 
die  Krafte  G-lieder  finden,  velehe  selbst  wieder  von  der  Bewegung,  von 
den  Torkei^gangenen  Zustanden  der  Korper  etc.  abhangen.  Uber  die 
Darstellung  der  elektrischen  imd  magnetiBchen  Erseheinungen  will  ich 
hier  nur  bemerken,  dass  dieselbe  ebenfalls  in  die  Form  der  mechanisohen 
Gleichungen  gebracht  werden  kann  and  muBS,  sobald  diese  Ersobeiuungen 
Ton  Bewegnngen  ponderabler  Korper  begleitet  sind.  Des  Naheren  hier- 
auf  einzugehn,  ist  jedoch  nioht  meine  Abaicht. 

Ich  wollte  in  dem  Bisherigen  keineswegs  eine  conaequente  in  sicb 
abgescbloasene  Darstellong  der  Mechanik  vom  inductiven  Standpunkt 
geben.  Ich  wollte  vielmehr  bloss  die  Wege  andeoten,  auf  denen  eine 
Bolche  Tielleicht  gewonnen  werden  koonte  und  namentlich  die  Sohwierig- 
keiten  anfdecken,  mit  denen  ihre  Durchfiihrong  verkniipft  ist,  wenn  man 
sich  boBtrebt,  das  innere  Bild  ebenso  klar  herrortreten  zu  lasaen  und 
consequent  durchzufiihren,  wie  dieses  bei  der  deductiven  Behandlung 
moglich  ist.  Ich  komme  daher  zu  dem  Resultate,  dass  unter  den  bis- 
herigen DarateUungBTerauchen  der  Mechanik  die  dednctiTcn,  wie  die  von 
Hertz  und  die  Ton  mir  in  meinem  citiiten  Buohe  gemachte  vorzuzieken 
seien.  Da  aber  diese  deductive  Darstellung  wie  schon  zu  Anfang 
gezeigt  worde,  den  Mangel  hat,  dass  sie  so  lange  Zeit  hiudorch  gar 
nicht  an  die  E^ahrung  ankniipft  und  vielfaoh  den  Schein  dea  WillkOr- 
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lichen  erweckt,  so  wtirde  es  mich  aehr  freuen,  wenn  es  jemanddn  gelonge, 
der  dedactiTeii  Darstellung  eine  indaotive  an  die  Seite  za  Btellen,  welche 


gleich  einfach  ucd  naturgemass  Torginge  und  doch  dae  innere  geistige 
Bild  in  gleicher  Deutlichkeit  and  Consequenz  herrortieten  liesse.     Ea 
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ware  dies  wobl  in  einer  koizen  AbhandluQg  kaum  moglich,  sondern  nur  in 
einem  grosseren  Buche,  wo  man  den  Gnmdpriuoipien  sogleich  die  An- 
wendung  auf  alle  speziellen  Falle  folgen  lassen  konnte.  Denn  erst  an  der 
MogUchkeit  der  exacten  Darstellung  aller  moglichen  speziellen  FaUe 
erprobt  eich  die  Klarheit  und  Consequenz  der  Bilder,  wie  sich  das  am 
beaten  au  der  Hertz'schen  Darstellung  zeigt,  wo  diese  Anwendting  auf 
spezielle  Falle  fehlL  Sollten  sich  aber  die  Liickeo,  die  stch  in  meiner 
gegenwartigen  Darstellung  finden,  nicht  ausfiillen  lassen,  so  wurde  mich 
auch  dies  freuen,  denn  es  wiirde  den  definitiTeu  Sieg  der  deductiven  uber 
die  inductive  Behandlungsweifie  bedeuteu.  Ich  mochte  gewiseermassen 
die  Vertreter  der  inductiveu  Richtung  einladen,  alle  Fehler,  die  sich  in 
meiner  gegenwartigen  Darstellung  finden  aufzudecken,  die  Moglich- 
keit  der  genauen  Duxchfuhrung  aller  Schlusaweisen,  die  ich  hier  nur 
kuiz  angedeutet  babe,  zu  zeigen  und  ihre  beaten  Krafte  einzuaetzen  in 
dem  Wettkampfe  mit  der  dedactiTen  Daratellung,  damit  beide  mit  ein- 
ander  Terglichen  werden  konnen  und  sich  im  Wettatreite  stets  ausbilden 
und  TervoUkomnmen. 

Da  der  Energiebegriff  nicht  nur  in  der  Mechanik,  sondem  in  der 
ganzen  Katurwissenschaft  eine  ao  wichtige  Rolle  apielt,  ao  waren  auch  con- 
sequente  Darstellungen  der  Gnindprincipe  der  Mechanik  Tom  Standpnnkte 
der  Euei^tik  hochst  erwiinaobt,  welche  also  nicht  von  den  Begriffen  der 
Beschleunigung  und  Kraft  sondem  Ton  denen  der  lebendigen  Kraft  und 
des  Potentiales  anszugehen  batten.  Doch  milssten  die  betrefFenden 
Bilder  auch  nach  der  deductiveu  oder  inductiveu  Methode  durchaus  klar 
consequent  und  einwurfsfrei  entwickelt  werden  und  ea  mtisaten  vollkom- 
men  pracise  Regelu  gegeben  werden,  wie  dieselben  eindeutig  auf  alle 
speziellen  Falle  aozawenden  sind,  oline  dasa  die  Kenntnis  der  alten 
Meohanik  dabei  vorausgesetzt  wird. 

ViBBTB  VoBLBairaa. 

Die  vierte  Vbrlesung  begann  der  Yortr^fende  mit  der  Vorzeigung  des 
Modella  fiir  die  Maxwell'ache  Theorie  der  Ellektricitat  und  dea  Magnetia- 
mus,  welchea  in  desaen  Buch  ^^Yorlesmigen  tiber  Maxwells  Theorie  der 
Elektricitat  und  dea  Lichtea  erster  Thell "  beachrieben  ist.  Es  wurden 
alle  dort  erwahnten  Experimente  mit  gntem  Erfolge  durchgefiihrt. 
Hierauf  gab  er  noch  folgende  Ubersicht  iiber  die  das  Princip  der  kleins- 
ten  Wirkung  und  das  Hamilton'ache  Princip  umfassenden  Grleichungen. 
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Wenu  wii  die  Falle ,  einBeitiger  Yerbindungen  aoflschlieasen,  so  wild 
daa  vereinigte  Frincip  der  virtuellen  Yerscluebungeii  and  d'Alemberts, 
wie  wir  eahen  durch  eine  Gleichung  au^edrtickt,  velohe  wir  erhalten, 
weuQ  wir  den  Ausdrttck  suf  Seite  86  gleich  Null  eetzea.  Ftihit  m&n 
darin  generalisirte  Coordinaten  eiii  und  setzt  Einfachheit  lialber  Torans, 
dass  eine  Kraf tftmotion  V  beateht,  welohe  aber  die  Zeit  enthalten  kaniit 
BO  tamsforniirt  nob  dieselbe  in  folgende  Gleichnng 
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wobei  p  irgend  eine  generslisirte  Coordinate,  q  daa  dazn  gehorige  Mo- 
ment, T  die  gesammte  kinetieobe  Enei^e  ist.  Wenn  jede  beliebige 
Coordinate  p  zu  jeder  beliebigea  Zeit  t  eine  beliebige  Variation  ip  erfabrt, 
ao  kano  man  die  letzte  Gleicbung  mit  £p  multiplioiren  and  beziigliob  aller 
p  sommiren.  Im  specieUen  Falle,  dass  alle  Sp  integrable  Fanotionen  der 
Zeit  aind,  kann  man  nocb  mit  dt  multiplioiren  und  iiber  eine  beliebige 
Zeit  (von  ^  bis  t~)  integriren  ;  naeb  partieller  Integration  der  dq/di  ent- 
haltenden  Glieder  folgt  in  dieeer  Weise : 

Sjr(r-F)*-I(ir8p-?o8!>.)  O) 

Tobei  aich  rechts  die  eratem  Grossen  au{  die  obere  die  letstem  aof  die 
nntere  Integrationagrenze  beziehen. 

1.    ScmiUon»  Prineip  der  itationSren  Wtriunff, 

Aus  der  Fundamentalgleicbung  1)  folgt  das  Prineip  der  statioi^jen 
Wirkung,  wenn  man  die  Grenzeu  des  Integrals  and  die  Coordinaten- 
werte  fiir  dieselben  als  unTeranderlioh  voraus  setet.  Dann  ei^bt  sicsh, 
wenn  man  setzt 

T-v=w,     Cwdt^a,     J^MnW 

folgende  Gleichnng : 

&n  =  0  Oder  SW=0. 

il  oder  ITbaben  also  fiir  die  Bewegung  dieselbe  Bedentung,  wie  V  fOr 
daa  Gleicbgewicbt  in  der  Robe.  Die  Bedingungen,  welcbe  den  Grenz- 
wert  Ton  fl  oder  W  unter  den  geecbilderten  Umstanden  angeben,  sind 
mit  den  Bewegungsgleicbungen  identiBob,  weeabalb  Helmboltz  diese  Gros- 
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sen  als  kinetisohes  Potential  bezeichnet.  Fur  das  Gleichgewicht  in  der 
Ruhe,  bestimmen  diese  Bedingaagen  einen  Grenzwert  von  V,  da  dann 
2*=  0  und  VvoD.  der  Zeit  iinabhangig  ist.  Der  Satz,  daas  fiir  das  Gleich- 
gewicht, Fein  Greuzwert  ist,  Ist  also  ein  ganz  speoieller  Fall  des  Satzes 
TOm  kinetiache  Potentiale  oder  des  Hamilton'schen  Prino^  der  statioii* 
areu  Wiikong,  wie  dieser  auch  geoaimt  'wird. 

2.   SaniiUoni  Prmap  der  variinnden  Wtriuaff. 

Wir  setzen  in  Gleichung  1)  einmal  Dur  die  ontere  dann  nur  die  obeie, 
dann  nur  den  Wert  einer  Coordinate  fur  die  untere,  endlich  diesen 
Wert  fiir  die  obere  Gienze  dee  Integrales  ala  Teranderlich  Toraua ;  es 
folgen  sofort  die  Hamilton'schen  partiellen  Differentialgleiobungen : 

Es  soil  non  Fdie  Zeit  nicht  enthalten,  also  die  Enei^ie  T+  V  sicb  mit 
der  Zeitnioht  andem.  Wenn  man  dann  in  Gleichung  1)  die  Grenzen 
als  Tariabel  betrachtet,  so  transformixt  man  sie  nach  ein^n  Zwisohen- 
reohnongen  leicht  in  die  folgende : 

asJ^Za*  =j^BQT+r)dt  +  2(yfip -  qJSp^  (2) 

wobei  aber  die  Sp  jetzt  nnter  gleichzeitiger  Variation  der  Grenzen  fiir 
die  Zeit  und  der  Bewegung  zu  bildea  sind. 


8.    Da»  alte  Prineip  der  Jdeintten  Wxrkwag. 

Setet  man  in  Gleiohong  2)  die  Coordinatenvariationen  fiir  die  Gren- 
zen Yon  t  gleich  Null  und  nimmt  ausserdem  an,  daas  die  Variation  der 
Bewegung  ohno  Energiezufuhr  geschieht  also  8(2'+  F)=a  0  ist,  ao  folgt 


sj^iat- 


also  die  alte  Form  des  Princips  der  kleinsten  Wirkung,  welches  in 
maooher  Beziehung  speoieller,  in  so  fern  aber  wieder  allgemeiner  ist, 
als  das  Prineip  der  stationaren  Wirkung,  als  es  die  Bewegungszeit  als 
Tecanderlioh  betrachtet. 
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4.    Analogien  mit  dem  xteeiten  Sauptsatte. 

Wir  woUen  annebmen,  dass  das  letzte  Glied  der  Gleichung  2^ 
Tergchwindet.  Es  gilt  dies  iiicht  blosa,  wenn  an  dsn  Grenzen  fiir  die 
Zeit  £p  =  Bp(,  =  0  ist,  sondem  auch  wenn  die  Bewegung  periodiBch  ist  uitd 
t  —  t^  die  Dauer  dieser  Feriode  ist.  Es  gilt  auch  wenn  die  Verschiebungen 
siimmtlioher  materieUeu  Punkte  des  Systemee  in  folge  der  Variation  der 
Bewegung  seukreoht  auf  der  augenblicklichen  Geschwindigkeitsrichtung 
derselben  ateht.  Bisher  waren  die  Sp  ganz  willkiirliche  Yariatioiieii. 
Wir  woUen  sie  nun  in  folgender  Weise  erzeugt  denken.  1.  Mit  dem 
Sjsteme,  auf  welches  sioh  die  Gleichung  2)  bezieht,  soil  eia  zweitea  Sys- 
tem verbunden  sein,  welches  mit  dem  ersten  in  Wechselwirkung  steht  und 
letzteres  soil  eine  unendlich  kleine  Bewegung  machen.  2.  Ausserdem 
soil  dem  ersten  Systeme  eine  unendlich  kleine  lebendige  Kraft  8Q  zugefiihrt 
werden.  Die  in  der  Gleichung  vorkommende  Grosae  £  Viat  bloss  die  Veran- 
derung  von  Fin  folge  der  Lagenanderimg  der  Punkte  des  ersten  Systems. 
Sei  £'Fdie  in  Folge  der  L^enanderung  des  zweiten  Systems,  so  ist  £'F 
die  Arbeit  der  vom  ersten  auf  das  zweite  System  wirkenden  Krofte.  Sie 
muss  mit  der  zugefiihrten  Energie  SQ  zusammen  die  gesammte  Anderung 
SS  der  Energie  des  ersten  Systems  geben.  Es  ist  also  &S=*  SQ  +  ^V. 
Anderseits  ist  S^=  BT+  BV  +  ^  V,  d&  BT  die  Anderung  der  kinetischen, 
SF+S'Fdie  Gessmmtanderuug  der  potentiellen  Eneigie  ist,  Aus  bei- 
den  Gleiohungen  folgt  SQ  =  S  (T-H  F)-     Setzen  wir 

CSQdt         _     Cmt 

^  =  ':^ und   T=^ , 

80  folgt  aus  Gleichung  2)  unter  den  gemaohten  Annahmen  sofort 

wo  die  Analogic  mit  dem  zweiten  Hauptsatze  deutlioh  zu  Tage  tritt. 
Thermodynamisches  Beispiel :  Unter  dem  ersten  Systeme  verstehen  wir 
die  Molekiile  eines  Gases,  unter  dem  zweiten  einen  das  Gas  begrenzenden 
beweglichen  Stempel,  iQ  ist  die  dem  Gase  zugefiihrte  Warme.  Mechan- 
isches  Beispiel :  Das  erste  System  ist  ein  mit  einer  punktformigen  Masse 
verbondener  Magnetpol  der  gezwungen  ist,  sich  in  einer  Ebene  zu  bewe- 
gen,  das  zweite  System  ein  kurzer  Magnet,  um  welohen  der  Magnetpol 
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eiae  Centralbewe^ung  maoht.  Kun  erf&hrt  der  Magnet  eine  kleine 
Drehung  wodurch  sicli  das  Wirkuugsgesetz  der  Centralbewegung  audert 
imd  ausserdem  der  Magnetpol  einen  klelnen  Stoas.  Das  Gesagte  soil 
gewissermassen  ein  Schema  sein,  in  welchem  die  verschiedenen  dem 
Principe  der  kleinsten  Wirkong  verwandten  Principe  znaammengeBtellt 
Bind.  Eb  zeigt  Bich,  dasa  die  Analogiea  mit  dem  zweiten  Hauptsatze 
veder  einfach  mit  dem  Principe  der  kleinsten  Wirkong,  noch  auch  mit 
dem  Hamilton'schen  identiBch  sind,  aber  sowohl  zum  einen,  wie  auck  zum 
andern  in  sehr  naher  Beziehung  stehen. 

Ich  babe  zu  Anfaug  betont,  daaa  die  Entwicklung  der  WiBsenscboft 
nicht  immer  in  stetiger  Yerfolgong  der  alten  Wege  vor  Bicb  geht,  son- 
dem  sehr  b&ufig  dorch  plotzliobe  Einfiibrung  ganz  neuer  Methoden  imd 
Ideen  gefdrdert  wird.  Wo  kouute  f iir  letztere  Art  der  Entwicklung  ein 
frucbtberer  Boden  sein  als  in  Amerika,  wo  aUes  uea  ist,  wo  die  GeBchick- 
licbkeit  des  Gleistes,  Ungewobnlicbes  zu  uutemehmen,  die  grossten  unvor- 
hergeeehenen  Schwierigkeiten  za  besiegen  etete  Ubung  findet,  wabrend  wir 
in  Europa  wolgedrillt  in  den  Bahnen  der  alten  wissenschaftlichen  Me- 
tbode  una  zwar  mit  grosserer  Leichtigkeit  und  Sicherbeit  bewegen,  als 
die  Bewohner  der  neuen  Welt,  aber  dem  Ungewobnten  und  Nenen  gegen- 
iiber  verbliifft  und  oubebulflicb  sind.  Sicher  werden  daber  nicht  bloss 
die  Amerikaner  aus  ibrea  rastlosen  Bestrebungen  die  Pflege  der  reinen 
Wiasenscbaft  zu  fSrdern  den  groasten  Nutzen  ziehen,  soadem  auch  die 
Wissenscbaft  wird  durok  die  Mitwirkung  der  Amerikaner  steta  mebr 
und  grossartiger  gef ordert  werden.  Auch  idi  fuble  den  hoben  bildenden 
Wert,  den  es  fiir  mich  batte  meinen  engb^^nzten  heimatdichen  Hori- 
zout  durcb  die  Bekanntschaft  mit  det  groBsartigen  Natui  und  Cultur 
Amerikas  za  erweitern,  wol  das  fruobtbringendBte  Experiment,  das  ich 
je  angesteUt  babe.  Ich  sage  Ihnen  daher  meinen  beaten  Dank  fiir  die 
hobe  Ehre,  welcbe  Sie  mir  durcb  die  Beruftmg  zu  diesen  Vortragen 
erwieseu,  und  wiinsche  nor,  daas  das  von  mir  gebotene  nicht  ganz  hinter 
der  Grosse  dieser  Auszeiohnung  zuriickstehen  moge. 
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COMPABATIVB   STUDY  OF  THE  SINSOET  ABBAS 
OF  THE  HUMAN  COKTEX. 

Bt  Santiago  Rax<$ii  t  Cajai. 

IiT  order  to  respond  worthily  to  the  gracious  isTitation  with  which 
Clark  University  has  honored  me,  I  ought  to  offer  yoti,  as  was  my  original 
intention,  a  work  of  synthesis,  a  general  summary  of  the  present  state  of 
our  knowledge  of  the  minute  anatomy  of  the  nervous  system.  Unfortu- 
nately, the  duties  of  my  professorship,  every  day  more  pressing,  have 
deprived  me  of  the  time  necessary  for  the  accomplishment  of  such  a  task, 
and  have  compelled  me  to  moderate  my  ambition,  and  to  limit  it  to 
presenting  to  you  a  modest  analytical  contribution  to  our  knowledge 
of  the  microscopical  structure  of  the  sensory  centres  of  the  human  cere- 
bral cortex,  a  subject  to  which  I  have  devoted  the  leisure  of  the  past 
months. 

This  subject  is  so  vast  and  bo  difBonlt  that,  in  spite  of  my  efforts  and 
the  time  devoted  to  it,  I  have  been  able  to  clear  np  only  a  few  points. 
Consequently,  my  contribution  will  be,  to  my  utmost  regret,  a  very 
incomplete  one,  treating,  as  it  doee,  only  the  visual  cortex  as  I  have 
made  it  out  in  man  and  some  of  the  higher  mammals.  I  shall  add, 
however,  a  few  observations  on  the  structure  of  other  sensory  r^ons. 

This  anatomical  study  of  the  sensory  areas  of  the  cortex,  at  the 
present  state  of  onr  knowledge,  presents  points  of  special  interest,  since, 
as  you  well  know,  neurologists  who  hare  interested  themselves  in  the 
histology  of  the  bnun  are  divided  at  present  into  two  camps,  the  onicists 
and  the  plnralists. 

The  unicist  doctrine,  proclaimed  by  Meynert  and  reafGrmed  quite 
recently  by  Golgi  and  Edlliker,  supposes  that  aU  regions  of  the  cortex 
possess  essentially  the  same  structure,  functional  diversity  being  due  to 
diversity  of  origin  of  afferent  or  sensory  nerves.  This  amounts  to  saying 
that  cerebral  specific  energy  of  nerves  is  the  necessary  effect  of  the  partio- 
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ular  organizatioa  of  each  sense  as  well  as  of  the  special  character  of  the 
stimoli  received  by  the  peripheral  sensory  surfaces,  akin,  retina,  organ  of 
Corti,  etc. 

The  pluralist  doctrine,  upheld  recently  by  Flechsig,  without  rejecting 
the  particular  influence  of  connections  with  different  nerves,  maintains 
that  diversities  of  function  result  also  from  the  particular  structure  of 
each  cortical  area. 

It  is  this  latter  opinion,  as  we  shall  presently  see,  that  presents  a 
closer  agreement  with  the  observed  facts.  In  fact,  my  researches  tend  to 
prove  that  the  topographical  specialization  of  the  brain  depends  not  only 
on  the  quality  of  the  stimuli  analyzed  and  gathered  up  by  the  sensory 
mechanisms,  but  also  on  the  stractuial  adaptations  which  the  cor- 
responding cerebral  areas  undergo;  since  it  is  very  natural  to  suppose, 
even  if  one  were  to  form  an  a  priori  judgment,  that  the  cortical  areas  con- 
nected with  the  spacial  senses  sight  and  touch,  which  form  exact  im^^ 
of  the  exterior  world  with  fixed  relations  of  space  and  intensity,  have  by 
accommodation  to  the  stimuli  received  an  oi^anization  different  from 
that  existing  in  cortical  areas  attached  to  the  chemical  senses  of  taste  or 
smell,  and  from  that  which  is  appropriate  to  Uie  chronological  sense 
hearing,  which  gives  only  relations  of  succession,  free  from  every  spacial 
quality. 

We  may  add  that  if  there  exist  in  the  human  cerebral  cortex,  as 
Flechsig  supposes,  besides  the  aensori-motor  centres,  other  regions,  asso- 
ciation centres,  characterized  by  absence  of  direct  sensory  or  motor  con- 
nections, it  seems  very  natural  also  to  associate  to  these  important 
regions  of  the  brain,  with  which  are  connected  the  highest  activities  of 
psychic  life,  a  special  organization  corresponding  to  their  supremacy  in 
the  hierarchy  of  functions. 

But  we  must  not  carry  to  an  extreme  the  structural  plurality  of  the 
brain.  In  fact,  our  researches  show  that  while  there  are  very  remarkable 
differences  of  o^^nization  in  certain  cortical  areas,  these  points  of  differ- 
ence do  not  go  so  far  as  to  make  impossible  the  reduction  of  the  cortical 
structure  to  a  general  plan.  In  reality,  every  convolution  consisie  of  two 
structural  factors:  one,  which  we  may  call  a  factor  of  a  general  order, 
since  it  is  found  over  the  whole  cortex,  is  represented  by  the  molecular 
layer  and  that  of  the  small  and  large  pyramids;  the  other,  which  we  may 
call  the  special  factor,  particularly  characteristic  of  the  sensory  areas,  is 
represented  by  fibre  plexuses  formed  by  afferent  nerve  fibres  and  by  the 
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presence  at  the  lerel  of  the  so-called  granular  layer  of  certain  cell  ^rpes 
of  peculiar  form. 

But,  before  proceeding  to  outline  the  general  conclusions  of  an  ana- 
tomico-physiological  order,  that  result  from  all  our  researches  taken 
together,  permit  me  to  present  very  briefly  the  facts  of  obserratioQ. 


VlSnAL  GOBTBZ. 

The  minute  anatomy  of  the  visual  cortex  (region  of  the  caloaiine 
fissure,  sulcus  comn  lobulua  lingoalis)  has  been  already  explored  by  sev- 
eral investigators,  among  vrhom  we  may  make  particular  mentioa  of  Mey- 
nert,  Vicq  d'Azyr,  Gennari,  Krause,  Hammarberg,  Schlapp,  Kolliker,  et  al. 
But  their  very  incomplete  researches  have  been  performed  by  such  insuffi- 
cient methods  as  staining  with  carmine,  the  Weigert-Pall  method,  or  that 
of  Nissl  vrith  basic  anUines — methods  which,  as  is  well  known,  do  not 
suffice  at  all  to  demonstrate  the  total  morphology  of  the  elements  and  the 
organization  of  the  most  delicate  nerve  plexuses.  They  led,  however,  in 
spite  of  the  difficulties  which  stood  in  the  way  of  these  first  analytical 
attempts,  toward  a  precise  differentiation  of  the  visual  cortex  from  other 
regions  of  the  brain.  At  the  outset  two  characteristic  differences 
attracted  the  attention  of  Uie  first  investigators  into  the  structure  of  the 
visual  cortex:  first,  the  existence  of  a  very  thick  stratum  of  granules,  sub- 
divided into  accessory  strata  by  laminn  of  molecular  appearance;  and, 
second,  the  presence  in  the  intermediate  layers  of  the  cortex  of  a  white 
lamina  formed  of  medullated  fibres  —  which  lamina  may  be  seen  with  the 
unaided  eye.  This  lamina,  appearing  in  cross-section  as  a  white  line,  has 
been  named,  in  honor  of  the  writers  who  first  described  it,  the  line  of 
Gennari  or  Vicq  d'Azyr. 

For  the  sake  of  brevity,  we  shall  omit  a  detailed  description  and  dis- 
cussion of  the  various  layers  admitted  by  the  authorities  on  this  region  ; 
suffice  it  to  mention  in  order  the  eight  layers  described  by  Mej^nert  for 
the  human  cortex  :  First,  molecul&r  ;  the  second,  layer  of  small  pyram- 
idal cells ;  third,  layer  of  nuclei  or  granules ;  fourth,  layer  of  solitary 
cells ;  fifth,  layer  of  intermediate  granules  ;  sixth,  layer  similar  to  the 
fourth,  containing  nuclei  and  scattered  cells  ;*  seventh,  deep  nuclear 
layer ;  eighth,  layer  of  fusiform  cells.  We  may  also  mention  the  ar- 
rangement of  layers  recently  described  by  Schlapp  for  the  occipital 
cortex  of  the  monkey  :  (1)  layer  of  tangential  fibres  ;  (2}  layer  of  exter- 
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nal  polymorphic  cella  ;  (3)  layer  of  pyram- 
idal cells  ;  (4)  layer  of  granules ;  (5)  layer 
of  small  solitary  cells ;  (6)  second  layer  of 
granules ;  (7)  layer  poor  in  cells  ;  (8)  layer 
of  internal  polymorphic  cells. 

The  investigationB  which  I  have  made  on 
the  human  cortex  as  well  as  on  that  of  the 
dog  and  cat,  by  both  the  Nissl  and  Golgi 
methods,  have  led  me  to  distingaish  the  fol- 
lowing layers :  — 

1.  Plexifonn  layer  (called  molecular 
layer  by  authors  generally  and  cell-poor 
layer  by  Meynert). 

2.  Layer  of  small  pyramids. 

3.  Layer  of  medium-sized  pyramids. 

4.  Layer  of  large  stellate  cells. 

5.  Layer  of  small  stellate  cells  (called 
layer  of  granules  by  the  authors). 

6.  Second  pleziform  layer,  or  layer  of 
small  pyramidal  cells  with  arched  axon. 

7.  Layer  of  giant  pyramidal  cells  (soli- 
tary cells  of  Meynert). 

8.  Layer  of  medium  sized  pyramidal  cells 
with  arched  ascending  axon. 

9.  Layer  of  fusiform  and  triangular  cells 
(fusiform  cell  layer  of  Meynert). 

Tou  see  tiiat  we  have  modified  current 
nomenclature  by  introducing  terms  which 
call  to  mind  cellular  morphol(^y.  For  we 
believe  that  such  trite  expressions  as  "mo- 
lecular layer,"  "granular  layer,"  must  be 

Fio.  1.  — Vertlctl  MCtion  ol  the  Tltnal  cort«i  ot  ni«n, 
CBlcmrine  snlciu,  it^ned  by  MIuI'b  method  —  lemlBclieinatlc. 
1.  Ploriform  layer.  3.  Iajw  of  unkll  pyiwnlds.  3.  Layet 
ot  medluiD'alied  pyramid!,  i.  L«yer  al  laige  itoUate  ceUa. 
6.  LayBi  ot  imall  stelUte  cells.  6.  Bocond  pleziform  layet, 
or  layer  of  small  pyramida  with  arched  axon.  T.  Layer  of 
Biant  pyrunjdl.  8.  Layer  of  madinm-alud  pymnldal  oalll 
wtth  aaeendlnK  axon.    9.  lAyar  of  fosUorm  and  triaognlai 
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baniahed  cnce  for  fdl  from  soientifio  Isuguage,  and  the^  most  be  replaced 
by  terme  which  point  oat  dominant  morphological  characters  in  the 
nerve  structurea  of  each  layer  or  some  interesting  peculiarity  relative  to 
the  course  and  connections  of  the  axis  cylinder  [^ocesses.  The  number  of 
layers  oonld  be  easily  increased  or  diminished,  because  they  are  not  sepa- 
rated by  weU>marked  boundaries,  particularly  in  Kissl's  preparations. 
Xhos  Hie  number  of  layers  vhich  I  adopt  is  somewhat  arbitrary.  By 
distinguishing,  however,  nine  layers,  I  have  followed  a  criterion  of  indi- 
yidualization  which  seems  to  me  the  most  convenient  and  suitable  for  my 
exposition  of  the  cortex  as  a  mechanism  composed  of  elements  at  a  cer- 
tain level  which  differ  in  special  morphological  features  from  those  of 
neighboring  levels.  Besides,  the  number,  extent,  and  size  of  cells  in  Hiese 
layers  vary  a  little  in  the  different  median  occipital  convolutions,  as  does 
also  the  degree  of  definite  nidificatiOD,  according  as  we  study  the  convex 
or  concave  aspect  of  the  gyri.  Our  description  relates  generally  to  the 
cortex  of  the  margin  of  the  calcarine  fissure,  the  region  where  structural 
difEerentiation  of  the  visual  cortex  is  most  pronounced. 

Plbxifobh  Lateb. 

The  plexiform  or  molecular  layer  is  one  of  the  oldest  cerebral  format 
lions  in  the  pbylogenetic  series.  It  presents  characters  similar  to  those 
of  the  human  cortex  in  all  vertebrates  except  the  fishes.  This  has  been 
fuUy  demonstrated  l^  the  researches  of  comparative  faistolc^  imder- 
tahen  by  Oyarznn  (batrachia),  by  myself  (batraobia,  reptilia,  and  mam* 
malia),  by  my  brother  (batraohia,  reptilia),  by  Eddinger  (batraohia, 
reptilia,  avee),  by  CI.  Sala  (aves).  In  the  visual  cortex  of  man,  the 
structure  of  this  layer  coincides  perfectly  with  that  which  my  own  re- 
searches, as  well  as  those  of  G.  Retzius,  have  revealed  in  the  motor 
re^on.  The  only  modification  which  may  be  noted,  visible  even  by 
Niasl's  method,  is  its  notable  thinness  in  the  margins  of  the  calcarine 
fissure  (except  in  the  sulci,  and  here  it  appears  somewhat  thinned). 
This  diminution  in  thickness,  noted  by  authors  generally,  depends 
probably  on  the  small  number  of  medium-sized  and  giant  pyramidal  cells 
in  the  underl}ring  layers,  because  it  is  well  known  that  each  pyramidal 
cell  is  represented  in  the  plexiform  layer  by  a  spray  of  dendrites.  A 
similar  opinion  has  been  expressed  by  Bevan  Lewis  in  order  to  explain 
itr^ularitiea  in  thickness  of  this  layer  in  different  regions  of  the  cortex 
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of  the  rabbit  aod  guinea-pig.  The  structure  of  tbe  plexiform  layer  is 
Terj  complex.  From  my  own  researobes,  confirmed  largely  by  those  of 
Retzius,  Scbafer,  KoUiker,  and  Bevan  Lewis,  it  follows  that  it  consists 
of  an  iaterweaving  of  the  following  elements:  (a)  tbe  radial  branches 
of  the  small,  medium-sized,  and  giant  pynunidal  cells,  with  which  we 
must  include  in  addition  those  of  the  so-called  polymorphic  ceUs ;  (&) 
layer  of  terminal  ramifications  of  the  ascending  axons  of  Martinotti; 
(0)  layer  formed  by  the  arborizations  of  the  nerve  fibres,  terminal  or 
collateral,  which  come  fi-om  the  white  matter;  (d)  layer  of  special  or 
horizontal  cells  of  the  first  layer  (Cajal's  cells,  of  Retzius)  ;  (e)  layer  of 
small  and  medium>sized  stellate  cells  with  short  axons  ;  (/)  layer  of  neu- 
roglia cells,  well  described  by  Martinotti,  Retzius,  and  Andriesen. 

a.  Terminal  Arborizatloiis  of  the  Pyramidal  Cells  (Fig.  4). — As  my 
observations  have  shown  in  case  of  the  mammalian  cortex,  and  those  of 
Retzius  for  the  human  fcBtus,  the  radial  trunk  of  tbe  pyramidal  cells 
does  not  end,  as  Golgi  and  Martinotti  supposed,  in  a  point  entwined  by 
neuroglia  elements  in  connection  with  the  blood-Teasels,  but  in  a  spray  of 
varicose  dendrites  covered  with  contact  granules,  spreading  out  some- 
times over  a  considerable  area  of  the  plexiform  layer.  In  my  first  work 
on  the  cerebral  cortex,  I  thought  that  the  only  cells  whose  terminal 
dendrites  reached  up  to  the  first  layer  were  the  medinm-sized,  small, 
and  giant  pyramidal  cells;  but  my  latest  researches  have  enabled  me 
to  discover  that  all  cells  possessing  a  radial  stem,  without  exception, 
including  even  those  of  the  deeper  layers,  are  represented  In  the  plexi- 
form layer  by  a  terminal  dendritic  arborization.  It  is  without  doubt 
an  important  stmctnral  law  whose  physiological  import  most  be  very 
considerable.  We  may  observe  that  large  trunks  which  arise  from  the 
giant  pyramids  divide  into  a  spray  with  very  long  and  thick  branches 
having  their  distribution  in  the  deeper  level,  while  the  slender  stems 
emanating  from  the  medium  and  small  sized  pyramids  form  an  arboriza- 
tion  of  numerous  slender  branches  of  limited  extension  and  distributed 
particularly  throagh  the  superficial  laminse  of  the  plexiform  layer.  This 
distribution,  which  is  not  absolutely  constant,  leads  ns  to  surmise  that 
the  terminal  arborizations  of  each  kind  of  pyramidal  cell  come  into  contact 
with  special  nenritie  terminal  arborizations  in  traversii^  this  first  layer. 

The  trunk  and  end  brash  intended  for  the  first  layer  appear  not  only 
in  preparations  made  by  the  ohromate  of  silver  method;  for  I  have 
stuned  them  perfectiy  with  methylene  bine  (method  of  Ehrllch-Bethe) 
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in  OBse  of  yonng  animala,  and  also  in  adult  gyrenceplialous  mammals, 
Budi  as  the  dc^  and  cat.  Besides,  in  good  preparations  by  Ehrlich's 
method,  particularly  when  fixation  has  been  made  a  short  time  after  the 
impregnation,  one  may  see  very  distinctly  the  contact  granules  of  the 
dendrites,  processes  whioh  I  was  first  to  describe  and  whose  existence 
has  been  confirmed  by  many  inTestigatore  since.  With  methylene  bine 
they  present  the  same  appearance  as  in  Golgi  preparations,  i.e.  they  are 
slender  and  short,  stand  out  at  a  right  angle,  are  sometimes  divided,  and 
end  freely  in  a  rounded  knob.  This  proves,  accordingly,  how  groundless 
are  all  the  gratuitous  objections  which  have  been  brought  against  the 
preSxistence  of  these  appendages,  as  wdl  as  against  their  mode  of  termi- 
nation. Among  the  entirely  arbitrary  conjectures  which  have  been  made 
as  to  the  disposition  of  these  appendages  we  include  also  W.  Hill's  opinion, 
who  considers  them  the  fibres  of  a  reticulum  t^t  is  incompletely  stained 
by  means  of  the  chromate  of  silver.  We  must  proclaim  emphatically 
that  at  present  there  is  no  method  of  staining  cellular  processes  that 
is  capable  of  disproving  the  agreeing  results  of  the  methods  of  Golgi, 
Ehrlich,  and  Cox.  Whoever,  having  as  a  foundation  the  revelations  of 
any  one  of  these  methods,  has  considered  it  possible  to  demonstrate  the 
existence  of  such  a  reticulum  has  only  exposed  to  view  his  own  lack  of 
experience  in  handling  these  important  means  of  analysis. 

b.  Spedal  or  Horizontal  Cells  of  the  Pleziform  Layer.  —  These  interest- 
ing elements,  which  I  discovered  in  the  cortices  of  the  small  mammals  (rat, 
rabbit,  guinea-pig),  have  been  successfully  investigated  by  Retzius  in 
case  of  man,  as  well  as  by  my  brother  in  batrachians  and  reptiles,  and  by 
Yeratti  in  the  rabbit's  embryo.  They  present  in  the  visual  cortex,  where 
I  have  stained  them  very  often,  the  same  characters  as  in  other  regions 
of  the  brain.  As  I  have  already  described  these  elements  elsewhere,  I 
shall  give  here  only  an  outline,  to  which  I  may  add  a  few  remarks  derived 
from  my  recent  observations  upon  man  (Fig.  2). 

Following  the  example  of  Retzius,  when  we  study  the  horizontal  cells 
by  Golgi's  method  in  a  human  fiietus  from  the  seventh  to  the  ninth 
month,  or  in  case  of  a  newborn  babe,  we  notice  that  they  are  distributed 
throughout  the  entire  thickness  of  the  plexiform  layer,  but  are  especially 
numerous  in  close  proximity  to  the  pia.  Their  form  is  very  variable, 
sometimes  fusiform  or  triangular,  and  again  stellate,  with  the  angles 
extending  out  into  the  long  processes.  But  the  characteristic  feature  of 
these  elements  is  due  to  the  fact  that  their  processes,  which  are  variable 
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in  nnmber  and  veiy  lai^a  at  thair  origin,  give  rise,  after  a  few  divisions, 
to  an  extraordinary  nnmber  of  varioose  horizontal  £brea,  extremely  long, 
from  wluoh  spring  at  right  angles  numberless  ascending  secondary 
branches  terminating  in  rounded  knobs  near  the  cerebral  surface.  Very 
often  (^e  superior  snrface  of  the  cell  body  also  gives  rise  to  some  of  thess 
ascending  branches,  which  sometimes  have  a  considerable  thickness. 

In  what  way  do  these  tangential  fibres  terminate?  Is  it  possible  to 
disoem  among  tbem  certain  processes  possessing  the  characters  of  axons  ? 

Upon  carefol  examination  of  the  best  preparations  obtained  from 
oorticeB  of  human  embryos,  we  discover  easily  that  these  prooesses, 
when  they  become  very  fine,  have  all  the  appearances  peculiar  to  axons. 
There  is  no  morphological  distinction  which  would  enable  us  to  distin- 
guish the  two  classes  or  species  of  cellular  processes.  That  which  most 
strikes  one  u  tiie  enormous  length  of  tiieir  horizontal  fibres  (tangential 
fibres  of  Retzius).  One  can  follow  them  for  two  or  three  tenths  of  a 
millimeter  without  being  able  to  discover  their  true  termination.  How- 
ever, in  certain  cases  it  is  possible  to  demonstrate  that  the  tangential 
fibres,  after  having  given  rise  to  a  great  number  of  vertical  twigs,  become 
thinner  and  finer,  and  finally  subdivide  into  terminal  branohlets,  which 
spread  out  under  the  pia  or  in  the  superficial  lamince  of  the  first  layer. 

On  comparing  these  oeUs  of  the  human  brain  with  their  homologues 
in  the  b^fber  mammals  (rabbit,  oat,  etc.),  we  discover  that  among  iJie 
latter  they  give  rise  to  a  relatively  small  number  of  tangential  branches, 
and  that  these  extend  a  much  shorter  distance.  This  is  the  rea8<m  we 
consider  the  remarkable  profusion  and  1^  extreme  length  of  the  hori- 
EOntal  fibres  as  one  of  the  most  characteristic  features  of  the  human 
cortex. 

Retzins  did  not  sacoeed  in  staining  the  horizontal  cells  in  man  except 
in  the  fcetal  period.  Accordingly,  it  was  impossible  to  know  what  be- 
comes of  these  elements  in  the  adult,  and  whether,  as  Retzins  is  inclined 
to  think,  all  the  processes  that  we  find  in  the  embryonic  period  persist. 
My  recent  researches  on  the  oortex  of  infants  fifteen  mraiths  and  even 
fifteen  and  twenty  days  old,  in  which  I  have  been  successful  in  staining 
the  horizontal  cells,  suffice  to  famish  a  few  data  which,  if  they  do  not 
solve  the  problem  once  for  all,  at  any  rate  place  the  question  in  a  some- 
what more  favorable  light. 

When  we  examine  the  plexiform  layer  of  a  babe  fifteen  days  old, 
we  find  considerable  changes  in  the  horizontal  cells.     First  of  all,  we 
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notioe  that  they  have  become  amaller,  and  that  liie  tangential  processes 
hare  diioinUhed  in  diameter  while  they  have  become  notably  lengthened. 
But  the  peculiarity  which  most  etrikes  the  attention  is  the  almost  total 
disappearance  of  the  ascending  collateral  branches.  This  atrophy  begins 
in  a  progresaivc  thinning  of  the  processes  and  in  the  reabsorption  of  their 
terminal  varicosities  ;  then  the  whole  branch  disappears,  so  that  the  only 
structuree  left  are  the  horizontal  fibres,  whose  ensemble  forms  throughout 
the  thickness  of  the  plexif  orm  layer  a  system  of  parallel  fibres  of  enor- 
mous length.  There  are  places,  however,  where  the  ascending  branches 
persist,  but  very  much  changed  as  to  their  direction,  having  become 
oblique  instead  of  vertical,  becoming  branched  several  times,  and  termi- 
nating in  the  pleziform  layer  without  reaching  so  far  up  toward  the 
pia  as  before.  In  a  word,  most  of  the  vertical  branches  seem  to  me  to 
represent  an  embryonic  arrangement  corresponding  to  the  interstices,  for 
the  most  part  vertical,  between  the  epithelial  cells  of  the  cerebral  cortex 
of  the  foetus,  which  proves  once  more,  as  I  have  demonstrated  in  other 
nerve  centres,  that  daring  the  period  of  evolution  the  neuron  is  the  locus 
of  a  doable  aeries  of  functions:  on  the  one  side  a  vegetative  building  np 
of  the  dendrites ;  on  the  other,  reabsorptions  and  transformations  of  the 
cells  which  persist. 

Have  the  horizontal  cells  with  which  we  are  now  concerned  a  true 
functional  process  ?  In  case  this  is  so,  what  is  the  part  played  by  these 
elements  in  the  vast  system  of  nervous  relations  established  in  the  plezi- 
f  orm  layer  ? 

In  preparations  of  die  human  brain  stained  with  ohromate  of  silver,  it 
must  be  confessed,  it  is  not  easy  to  solve  this  important  question,  since 
the  pnrely  morphological  criterion,  which  is  sufficient  to  distinguish  the 
axon  in  other  neurons,  cannot  be  applied  to  horizontal  cells,  all  the  pro- 
cesses of  which,  on  becoming  finer,  have  the  form  of  true  axons.  Thus, 
in  spite  of  Veratti's  afEirmation,  we  believe  that  this  method  will  shed  no 
light  upon  the  subject,  even  when  applied  to  embryos.  In  order  to  ap- 
proximate to  any  solution  of  the  problem,  we  must  use  a  method  capable 
of  staining  nerve  prcdongations  in  a  manner  to  differentiate  them  from 
dendrites.  It  was  only  after  using  Ehrlioh's  metbylene-blue  method  upon 
the  motor  and  visual  cortex  of  the  cat  that  I  became  convinced  that  the 
horizontal  cells  have  in  reality  a  very  long  axon,  which  is  provided  with  a 
medullary  sheath.  The  other  processes,  which  we  have  called  horizontal 
fibres,  represent  true  dendrites,  as  is  shown  by  two  peculiarities:  the  great 
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facility  with  which  they  take  methylene  blue,  and  their  pronounced  Tari- 
cosity  after  fixation  with  ammoniam  molybdate.  We  must  repeat  that 
this  Taricose  alteration,  which  is  a  striking  modification  in  the  form  of 
cellular  prolongations,  presents  itself  only  in  dendrites.  The  neurites 
maintain  perfectly,  with  methylene  blue,  tiieir  normal  contours,  unless 
exposure  to  the  air,  necessary  to  obtain  the  selective  staining,  has  been 
too  long. 

As  to  the  axon,  it  may  be  sufBoiently  well  demonstrated  in  horizontal 
sections  of  the  plexiform  layer  in  the  form  of  a  pale  blue  fibre,  except  the 
initial  portion  and  the  nodes,  which  present  a  dark  blue  staining.  This 
is  a  property  of  aU  parts  of  a  fibre  not  surrounded  with  a  medullary 
aheath.  At  the  point  of  certain  constrictions  we  may  succeed  in  dia- 
covering  a  few  collaterals  springing  out  at  right  angles,  provided  also 
with  myeline  sheaths.  Finally,  one  is  sometimes  so  fortunate  as  to  dis- 
cover in  an  axon  of  this  kind  true  bifurcations  situated  at  a  great  dis- 
tance from  the  ceU  of  origin,  but  always  in  the  plane  of  the  plexiform 
layer.  Unfortunately,  the  methylene  bine  does  not  stain  the  terminal 
nerve  arborizations.  This  has  prevented  me  from  learning  in  just  what 
way  these  axons  terminate  and  with  what  axous  they  are  dynamically 
associated.  It  is  possible  that  certain  heavy  horizontal  fibres  come  into 
contact  with  the  horizontal  cells,  since  they  never  bend  downward 
toward  the  underlyii^  layers,  as  do  the  medium^ized  and  finest  medul- 
lated  fibres.  They  belong  probably  to  the  terminal  arborizations  of 
Martinotti's  ascending  axons  and,  perhaps,  also  to  the  collaterals  and 
terminals  coming  in  from  the  white  matter. 

c.  Cells  with  a  Short  Axon  (Fig.  3,  ff,^,  J).— A  few  years  ago,  while 
studying  the  cerebral  cortex  of  the  small  mammals,  I  discovered,  besides 
the  gigantic  horizontal  cells,  other  elements  which  I  called  polygonal  cells. 
These  are  characterized  by  their  stellate  form  and  by  their  short  axon, 
which  ramifies  and  ends  within  the  limits  of  the  plexiform  layer.  These 
cells,  whose  existence  neither  Schafer  nor  l^ewis  seem  to  have  been  able  to 
confirm,  —  no  doabt  on  account  of  the  insufficiency  of  their  attempts  to 
obtain  an  impregnation  of  ^em,  —  are  much  more  abundant  than  might 
have  been  supposed  from  my  first  observations.  However,  I  must  acknowl- 
edge that,  they  are  not  at  all  easily  impregnated  with  chromate  of  silver 
and  that,  in  order  to  find  a  sufficient  number  for  study,  we  must  make  a 
great  many,  attempts  at  staining  tiiem.  On  the  other  hand,  Ehrlich's 
method  stains  them  very  readily  in  the  dog  and  rabbit.     In  these  animals 
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—  and  I  think  that  it  holds  tme  also  in  man  —  the  plezif orm  lajar  of  the 
oarebrum  is  as  richly  supplied  with  elemanta  with  a  short  axon  as  the 
molecular  layer  of  the  oerebellar  cortex.  They  occur  in  all  levels  of  the 
layer  and  differ  remarkably  in  uze  and  ahape.  The  majority  of  them 
are  atellate  and  aie  comparable  in  size  to  otiier  cells  with  short  axons 


tta.  3.  — CsUs  and  neiuitic  tennlnsl  uborixktlou  In  tb«  lit  knd  2d  Uyen ;  tIsdbI  oort«x  of 
InfkUt  30  dsTl  old.  A  And  B,  nenrltla  plexns,  extremaly  flna  ftnd  deiua,  lltoKted  In  the  layar  ol 
mMUlpyrainlda;  C.an  ftnalogou  «rborlaiti<m,  bat  not  ao  de&M;  i),  a  t>D«U  Mil  whoM  Mwdl»g 
axon  rorms ft  linillu Bibarizatlon ;  £, BpldeT-aluped  itellateoell  ol  the  lat  la;>i;  T,  O,  oeiU«wltb 
■hort  axon  brattcUng  IoomI;  In  the  pleilioTm  layer ;  a,  axon. 

that  occur  in  the  deeper  layers  of  the  cortex.  Others  are  smaller, 
resembling  in  their  minuteness  the  granules  of  the  cerebellum.  Bat 
whether  large  or  small,  the  morphological  characters  of  these  elements 
are  very  similar.  Their  dendrites  are  divergent,  extremely  branched, 
and  distributed  ezcluaiTely  to  the  plexiform  layer.     Their  neurites  are 
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Tisaally  varj  abort,  snbdivicU  ia  a  most  oomplicated  mumer  in  the  neigli- 
borhood  of  the  cell,  but  neTer  cross  the  deep  boundarj  of  the  first  layer. 

From  the  point  of  view  of  the  direction  and  length  of  their  neuritea 
all  these  elements  may  be  classified  into  three  varieties  :  (1)  Stellar  cells 
with  horizontal  neurite  which  becomes  Tesolved  f^ter  a  varying  distance, 
generally  very  long,  into  a  tenninal  arborization  which  has  the  appear- 
ance of  beii^  connected  with  the  terminal  branches  of  the  remote  pyra- 
mids. (2)  Cells  of  generally  smaller  size  whose  neurite  branches  either 
laterally  or  vertically  from  tiie  cell  body,  but  always  at  a  moderate  dis- 
tance (F^.  S,  1?,  I^,  (8)  Very  small  cells  (which  I  discovered  recently 
in  the  human  cerebral  cortex)  provided  with  niuneroTis  fine,  divei^nt, 
and  slightly  branched  dendrites,  whose  neurite,  extiemdy  slender,  Inreaks 
up  near  its  origin  into  a  dense  arborization,  exceedingly  fine  and  compli- 
cated. We  shall  designate  these  elements  dwarf  or  spider-shaped  cells. 
They  may  be  found,  as  we  shall  see,  in  all  the  layers  of  the  cortex 
(Fig  8,  ^). 

To  sum  up  :  bearii^  in  mind  the  form  of  cell  bodies  and  formation 
and  connection  of  axons,  all  the  stellate  cells  of  the  plexiform  layer, 
including  the  horizontal  or  special  cells,  seem  to  me  similar  to  the  stellate 
cells  of  the  molecular  layer  of  the  cerebellum  and  to  those  which  occur 
in  the  layers  of  the  same  name  in  the  eomu  amrnonit  and  fateia  dentata. 
Their  function  is  probably  to  establish  connections  between  terminal 
arborizations  as  yet  imperfectly  made  out,  possibly  those  formed  by  the 
ascending  axons  of  Martinotti,  or  the  asaociation  fibres  coming  up  from 
the  white  matter  with  the  terminal  branches  of  the  pyramidal  cells. 
The  function  of  the  great  horizontal  cells  would  seem  to  be  to  establish 
connections  between  elements,  that  is  to  say  between  terminal  neuritic 
arborizations  and  radial  dendrites,  separated  by  very  considerable  dis- 
tances; while  the  medium-sized  and  small  elements,  with  their  short 
axons,  would  perform  the  same  associative  function  at  short  or  moderate 
distances. 

<2.  Martiaotd's  Ascending  Fibres.  —  There  is  no  lack  of  these  in  the 
visual  cortex,  although  it  has  seemed  to  me  that  they  are  not  so  numerous 
as  in  other  regions  of  the  braio.  Their  terminal  ramifications,  well  known 
from  the  researches  of  Martinotti  as  well  as  mj  own,  occupy  really  the 
whole  plexiform  layer,  where  they  extend  over  wide  areas,  distributing 
themselves  preferably  into  its  deeper  levels  and  coming  in  contact  with 
cells  with  short  axons  and,  possibly,  also  with  the  large  horizontal  cells. 
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GrantlBg  that  the  oells  of  origin  for  theee  fibres  lie  in  layers  of  tiie  cortex 
that  contain  sensory  fibres,  we  might  suppose  that  Martinotti's  ascending 
axons  represent  intermediate  links  placed  vertically  between  these  sen- 
sory fibres  and  cells  with  short  axon  in  the  plexiform  layer.  And  as 
these  are  connected,  perhaps,  wil^  the  dendntes  of  the  pyramidal  cells, 
the  result  would  be  that  the  sensory  stimuli,  entering  the  cortex  in  this 
indirect  way,  would  be  compelled  to  traverse  two  intercalated  nerve 
cells  before  reaching  the  pyramids. 

e.  Neoioglla  Cells.  —  These  conform  in  the  visual  cortex  to  the  well- 
known  types  of  other  cerebral  regions.  We  find  accordingly :  (1)  Cells 
with  long  radii,  the  mai^inal  cells  well  described  by  Martinotid,  which 
lie  just  under  the  pia.  They  emit  long,  smooth,  descending  processes 
radiating  across  the  plexiform  layer,  ending  at  different  levels  both  of 
this  and  of  the  layer  of  small  pyramids ;  (2)  Cells  with  short  radii. 
These  elements,  long  since  described  by  Golgi,  and  described  in  de- 
tail by  Retzius,  by  myself,  Aodriesen,  Kolliker,  and  others,  are  charac- 
terized by  their  form,  very  often  steUate  or  fusiform,  by  their  location  in 
all  levels  of  the  plexiform  layer,  and  by  the  great  number  of  their  pro- 
cesses, short,  spongy,  branching,  and  bristling  with  innumerable  contact 
granules,  which  penetrate  into  the  spaces  lying  between  the  neuro-proto- 
plasmic  plexus  and  are  well  spread  over  the  interstices  of  the  elements 
which  must  not  come  into  contact.  It  is  in  virtue  of  this  intricate  rela- 
tion between  these  appendages  and  the  cell  bodies  and  dendrites,  aa  well 
as  for  other  reasons  which  we  have  not  time  to  dilate  upon  here,  that  we 
attribute  to  the  neuroglia  elements  with  short  processes  an  insulating 
r61e.  According  to  my  view,  they  prevent  inopportune  contacts,  while 
their  processes  exercise,  due  regard  to  all  points  of  cells  or  fibres  where 
contacts  exist  and  nerve  currents  pass. 

Lateb  of  Shall  Pybamids. 

This  layer  is  well  separated  from  the  1st,  but  blends  by  insensible 
gradations  with  the  Srd,  or  layer  of  medinm-edzed  pyramidal  cells  (Fig, 

Examined  in  Ifissl  preparations  this  layer  presents  a  great  number  of 
small  pyramids,  very  poor  in  chromatic  granules  and  separated  by  a 
plexus  of  fibrils  much  more  dense  than  in  the  case  of  cells  of  the  deeper 
layers.      We  find  also,  scattered  irregularly,  stellate  or  triangular  cells 
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larger  than  the  pyramidB.     These  are  the  giant  cella  with  short  axon,  as 
is  shown  in  good  chromate  of  silver  preparations  (Fig.  5,  2>,  O^.    We 
shall  now  discuss  the  cells  of  this  layer,  beginning  with  the  pyramids. 
pyramids.  —  The  morphology  and  relations  of  these  cells  being  well 


Fio.  4.  — Biiikl]  Mid  mBdinm-dMd  o«Us  of  the  TltiuJ  oorUx  of  kn  Infant  30  d»7(  old  (mloulii* 
raletii).  A,  nezifonn  Iftyer  1  B,  IftTeiof  •nuUprramldi;  C,  Ikjar  of  msdiniD-ilMdpTnuiildi;  a, 
^tf^"'""e  axon ;  b,  ncniTBDt  collateiml ;  c,  dsodrltlc  trunk  of  gUiit  pTnunld. 

known  since  the  researches  of  Grolgi,  Retzins,  and  myseU,  I  shall  limit 
my  remarks  to  a  bare  mention  of  a  few  peculiarities  of  their  disposition 
in  the  visual  cortex. 

It  will  be  noticed  that  these  cells  are  generally  smaller  and  more 
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numerocuB  in  the  Tisual  oentres  than  in  other  cortical  asreaa.  Sometimes 
the  more  superflcial  cells  ore  arranged  in  one  or  two  regnlar  files  and 
sepuated  from  those  beneath  by  a  fine  dense  plexus  of  fibres. 

The  small  pyramids  give  rise  to  the  following  processes :  an  axial 
dendrite,  often  bifurcated  near  its  origin,  which  runs  to  the  plexif orm 
layer  and  terminates  in  a  spray  of  fine  branches,  which  often  ascend 
to  the  neighborhood  of  the  pia;  "basilar  divergent  dendrites,  rather 
long  and  repeatedly  branched;  and,  finally,  a  fine  descending  axon, 
which,  in  most  favorable  specimens,  can  be  followed  down  to  tiie  neigh- 
borhood of  the  white  matter.  From  the  initial  portion  of  its  coarse  spring 
three,  four,  or  a  larger  number  of  collateral  processes,  which  traverse, 
vith  many  subdivisions,  in  a  horizontal  or  oblique  direction,  a  very  con- 
siderable extent  of  the  second  layer.  From  the  small  pyramids  lying 
dose  to  Hie  plexiform  layer,  and  even  from  some  cells  more  deeply  situ- 
ated,  the  first  two  collaterals  recurve,  ascending  sometimes,  as  Schafer 
has  discovered,  up  to  their  termination  in  the  first  layer.  However,  this 
termination  in  the  first  layer  is  much  less  frequent  than  might  be 
inferred  from  this  authority's  descriptions  and  drawings.  In  onr  prepa- 
rations of  the  visual  and  motor  cortex  of  a  child  a  few  days  old  and  of  a 
oat  twenty-five  days  old,  the  great  majority  of  the  recnrrent  collaterals  do 
not  cross  the  boundary  of  the  second  layer.  Here,  in  conjunction  with 
many  neurites  belonging  to  cells  with  short  axons,  they  assist  in  forming 
a  very  dense  plexus,  which  contains  in  its  meshes  the  primary  dendrites 
of  the  small  pyramids.  Generally,  —  and  this  may  be  considered  as  an 
answer  to  the  authorities  who  strive  to  convert  the  recnrrent  course  of 
the  collaterals  into  an  argument  for  the  doctrine  of  the  cellulipetal  con- 
duction of  these  fibres  (v.  Leuhossek,  Schafer),  —  I  may  af&rm  that  the 
vast  majority  of  the  initial  nemitic  collaterals  —  and  I  consider  snch  all 
those  that  arise  within  the  gray  matter  —  always  come  into  contact  with 
some  of  the  dendrites  belonging  to  homologous  nerve  cells  situated  at  dif- 
ferent levels  of  the  same  cortical  formation.  When  the  cells  to  which 
they  correspond  lie  in  the  same  or  a  deeper  plane,  the  collaterals  intended 
for  them  take  a  horizontal,  descending,  or  oblique  course ;  but  if  the  cells 
of  the  same  category  ore  situated  in  a  more  superficial  plane  than  the 
point  of  origin  of  the  collateral,  they  must  describe  a  recurrent  are  in 
order  to  reach  their  deetanation. 
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Latxb  of  Medium-sizbd  Pybamids. 

Being  a  costinnattoii  by  mseneible  gradations  of  the  small  pyramidal 
layer,  it  contains  oella  of  precisely  similar  form,  differing  from  the  cells 
of  the  second  layer  only  in  their  somewhat  greater  size,  their  longer 
radial  dendrite,  and,  ordinarily,  by  a  larger  number  of  nemitio  collaterals 
(Fig.  4,  £?).  In  the  deeper  level  of  this  layer  may  be  obeerved  —  very 
seldom,  however  —  large  pyramidal  cells,  but  not  so  large  as  those  situ- 
ated in  the  seventh  layer. 

Cells  wltli  Short  Axon  of  tlie  Second  and  Third  layers.  —  These 
elements,  almost  as  numerous  as  the  pyramidal  cells  themselves,  may  be 
seen  soattered  irregularly  throughout  the  entire  thickness  of  the  two 
layers.  They  are  generally  more  numerous  near  the  limits  of  these 
layers,  that  is  to  say,  in  the  superficial  portion  of  the  second  and  in  the 
deeper  level  of  the  third  layer. 

Although  in  form  and  size  these  elements  are  very  variable,  and 
although  there  are  transitional  forms  which  make  it  often  difficult  to  dis- 
ting^uish  between  them  and  to  subdivide  them  into  well-pronoonced  types, 
still,  by  considerii^  the  size  of  the  cell  body  and  the  character  of  the 
axon,  they  may  be  divided  into  the  following  five  classes :  (a)  cells  with 
short  ascending  axon ;  (V)  cells  with  short  descending  axon ;  (a)  cells 
with  horizontal  or  oblique  axon ;  ((f)  dwarf  or  spider-shaped  elements ; 
(e)  fusiform  or  bipanicled  cells,  whose  axon  breaks  up  into  a  fibrillar 
arborization. 

a.  OeUt  with  Ateetiding  Axon  (Fig.  6,  a,  ff). — As  may  be  seen  in 
Fig.  5,  these  cells  belong  to  two  principal  varieties :  (a)  Gigantic  cells, 
with  long  dendrites  (Fig.  5,  A,  O").  These  are  quite  numerous  in  the 
visual  cortex,  where  they  occupy  preferably  the  deep  portion  of  the  tiiird 
layer.  Their  form  is  stellate,  sometimes  fusiform  or  triangular.  From 
their  angles  arise  several  varicose,  thick,  and  very  long  dendrites,  often 
disposed  as  two  brushes,  the  one  ascending,  the  other  descending.  The 
axon  takes  its  origin  either  from  the  cell  body  or  from  a  dendrite. 
Sometimes  it  deaciibes  an  arc,  whose  concavity  is  toward  the  surface,  on 
its  way  outward  to  become  resolved  into  an  arborization  of  very  few 
branches.  The  characteristic  feature  of  this  arborization  is  the  enormous 
length  and  the  horizontal  or  oblique  direction  of  its  terminal  twigs. 
These  traverse  a  very  considerable  portion  of  the  second  and  third 
layers,  where  they  make  contact  with  numberless  pyramidal  cellB.      It 
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Fla.  B.  — I«rg«  atellKta  coUb  hATlDg  abort  ucendiag  uoni,  9d  and  3d  Imyart,  Ttsaal 
cortex,  infant  IB  daTB  old.  A,  •lemenu  of  the  3d  layei  with  aionB  divided  Into  long  horizontal 
bTanchea;  S,ama]1  eell  irltli  arched  axon  from  the  layer  of  email  pyramids;  C,  large  cell  with 
arched  axon ;  D,  large  cell  from  the  boundary  of  the  let  layer ;  T,  cell  with  arched  aacending 
axon  branching  In  a  most  complicated  manner;  a,  a,  a,  axona. 
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may  be  added  that  these  gigantio  cells  may  be  recognized  even  in  NissI 
preparationa  by  their  stellate  form  and  considerable  size.  They  corre- 
spond, probably,  to  the  globular  cells  of  Bevan  Lewis  and  other  writers. 
(b')  Medium -sized  type  :  This  is  a  fusiform  or  stellate  cell,  whose  size 
does  not  exceed  that  of  the  small  or  medium-sized  pyramids.  It  is 
characterized  above  all  by  its  axon,  which  is  slender  and  ascending,  and 
which  terminates  in  a  complicated  arborization  with  many  Taricose 
branches  and  with  relatively  small  spread  at  varying  levels  of  the  second 
and  third  layers.  As  to  the  dendrites,  they  appear  varicose  and  diverge 
in  aU  directions,  but  usually  do  not  extend  to  the  first  layer  (Fig.  6,  J', 
and  Fig.  8,  i)). 

(.  CeU»  with  Deteending  Axont.  — These  are  stellate,  triangular,  or  fusi- 
form, of  medium  size,  and  provided  with  many  ascending  and  descending 
dendrites.  They  occur  chiefly,  as  has  been  pointed  out  by  Schafer  for 
other  regions  of  the  cortex,  along  the  superficial  boundary  of  the  layer  of 
small  pyramids  (Fig.  5,  B,  and  6,  CT).  Their  axons  descend  through 
the  second  and  sometimes  through  the  third  layer,  giving  off  to  them 
a  few  collaterals,  and  terminate  in  a  diffuse  arborization  throughout  the 
different  levels  of  these  layers.  Very  frequently  this  axon,  after  descend- 
ing a  certain  distance,  emitting  a  few  collaterals  to  the  layer  of  small  or 
mediiun-sized  pyramids,  traces  an  arc  with  concavity  toward  the  surface 
and  ascends  to  terminate  in  an  arborization,  very  complicated  and  with 
exceedingly  varicose  branches,  in  the  layer  of  smaU  pyramids  close  to  the 
plexiform  layer  (Fig.  6,  j8}.  As  seen  in  Fig.  6,  which  reproduces  certain 
cells  of  short  axons  from  the  visual  cortex  of  the  oat,  these  elements  with 
descending  axons  are  very  numerous  in  other  gyrencephalons  mammals. 
We  also  find  a  variety  of  cell,  recognized  in  man,  pyriform,  uni-polar, 
whose  single  descending  process  gives  rise  to  a  bouquet  of  varicose 
dendrites  and  an  axon  (Fig.  6,  a,  &}.  The  collaterals  and  terminal 
arborizations  of  these  axons  form  in  the  cat  a  dense  plexus  throughout  the 
superficial  plane  of  the  layer  of  smaU  pyramids. 

The  great  number  of  cells  with  short  axons  which  occur  in  the  most 
superficial  lamina  of  the  layer  of  small  pyramids  has  induced  certain  writ- 
ers, such  as  Schafer  and  Schlapp,  to  consider  this  transitional  region  as  a 
special  layer,  which  they  oaU  the  layer  of  superficial  polymorphic  cells. 
We  cannot  subscribe  to  this  innovation  because,  in  spite  of  the  great 
number  of  these  cells,  this  transitional  lamina  oontiuns  dso  a  large  num- 
ber of  small  pyramids,  that  is  to  say,  cells  which,  in  addition  to  Uieir 
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morpludogiflal  varieties,  hare  the  same  conneationa  as  ordinaiy  pyramidal 
cells.     Of  course,  if  for  the  aabdivision  of  the  cortex  into  layers  ve  take 


tta.  6.— Cellf  wltii  short  axon*  from  the  layer  of  nntdl  pyntnldi,  flmal  cortex  of  cat  aged 
3S  il^m.  a,  h,  Bnull  pyriform  cells  with  ahort  deaeendlng  axoni ;  c,  cell  with  uch«d  axon ;  e,  /, 
oelU  witb  deaoendlng  wbmu  diatrlbated  to  tbe  medlnin-clzed  pytamld*  ol  3d  Urer. 

as  OUT  basis  of  classification  the  form  of  cell  bodies,  independently  of  other 
characters,  we  might  be  entitled  to  differentiate  between  the  first  and 
second  layer  consisting  chiefly  of  stellate  cells ;  because  in  this  r^on,  as 
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is  well  known,  the  small  pyramidfl  have  a  stollato  or  triangiUaT  fonn. 
But,  in  asBigning  to  an  element  a  place  in  hia  clasaification,  cue  must  not 
decide  from  the  form  alone,  which  in  case  of  superficially  placed  pyramids 
is  a  function  of  their  poaition.  In  fact,  we  find  that  the  form  of  these 
cells  varies  according  to  their  proximity  to  the  plexiform  layer.  The 
true  characteristic  of  a  pjnramidal  cell  consists  in  the  presence  of  a  long 
axon  extending  down  to  the  white  matter  and  of  a  spray  of  dendrites 
(supported  or  not  hy  an  intermediate  tnmk)  spreading  up  into  the  plexi- 
form  layer.  Mow,  in  the  light  of  such  a  criterion,  it  is  easy  to  see  that 
sufficient  reason  does  not  exist  for  making  out  of  the  most  Hnperficial 
pyramids  a  distinct  category  of  cells  to  be  used  as  a  basis  for  the  creation 
of  a  new  cortical  layer. 

0.  CeU»  with  SorizoiUal  or  Oblique  Axon  (Fig.  7). — These  elements, 
which  are  angular  or  fusiform,  with  their  long  axes  more  or  less  hori- 
zontal, possess  few,  but  rather  long,  dendrites.  Their  axon  arises  gen- 
erally from  the  lateral  aspect  of  the  cell  body  or  from  a  thick  polar 
dendrite,  takes  from  the  first  a  horizontal  or  oblique  direction  and,  after 
giving  off  a  few  collaterals,  terminates,  sometimes  after  extending  to  a 
considerable  distance,  in  an  arborization  widely  spread  but  with  few 
branches.  In  certain  cells  of  this  category,  it  is  shorter  and  subdivides 
in  the  immediate  neighborhood  of  the  cell  body  (Fig.  7,  S,  <T). 

d.  Ikearf  or  Spider^haped  GeUa.  —  Brought  to  onr  attention  by  CI. 
Sala  in  the  corpus  striatum  of  birds,  mentioned  also  by  my  brother  in 
the  cerebral  cortex  of  batrachians  and  reptiles,  these  strai^e  elements  are 
notably  abundant  and  of  very  pronounced  character  in  the  cerebral  cortex 
of  man  and  gyrencephalous  mammals.  They  are  found  Irregularly  scat^ 
tered  in  all  layers  of  the  visual  area.  Their  soma  is  very  small,  not  ex- 
ceeding the  diameter  of  the  nncleus  by  more  than  five  or  six  fi.  About 
the  nucleus  is  a  thin  lan^ijia  of  protoplasm  which  is  drawn  out  into 
a  great  number  of  dendrites,  delicately  varicose,  radiating,  slightly 
branched  and  short.  The  appearance  of  these  dendrites  is  such  that  one 
might  mistake  the  cell,  at  first  sight,  for  a  neuroglia  corpuscle  with  short 
processes.  But,  examining  them  with  a  high  power,  we  recognize  at 
once  that  their  slender  dendrites  do  not  possess  collateral  appendages 
(contact  granules},  so  characteristic  of  processes  of  neuroglia  cells.  Finally, 
attentive  examination  reveals  the  axon,  a  delicate  fibre,  which  becomes 
resolved  immediately  into  a  very  dense  varicose  arborization  of  incompar- 
able fineness.     Oft«D  this  terminal  plexus  is  so  extremely  fine  that  it 
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appears  through  an  ordin&ry  objective  as  a  yellowish  or  brownish  spot  in 
the  neighborhood  of  the  cell  and  resembling  somewhat  a  granular  precipi- 


Fia.  7.— Cell*  with  ■horthoilcoDtaloToltUqDe  Axons  altiut«d  In  the  2d  ud  3d  l«ren,  vlnwl 
cortex  of  Inlaiit  ft  few  days  old.  A,  B,  cella  with  kzodb  almost  horizontal  from  2d  lajer ;  C,  D,  B, 
eell«  with  ahott  axon  dlflaselj  branched ;  *",  B,  I,  pyrUomi  cells  of  the  lat  layer,  whose  sig- 
nificance is  still  onoertaln;   Q,  small  cell  with  very  short  axon  dlCFuael;  branching  within  the 

tate.  In  some  cases  this  arborization  is  coarser  and  can  be  seen  with  a 
Zeiss  objective  D  or  E.  At  the  level  of  the  superior  boundary  of  the 
layer  of  small  pyramids,  in  the  visual  cortex  of  the  child  and  even  of 
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other  mammals,  may  often  be  seen  a  dense  plexus  of  exceedingly  slender 
branching  fibrils.  Their  original  fibre  appears  to  come  from  the  deeper 
leyels  of  the  2d  layer  (Fig.  8,  A,  B,  O).  These  terminal  plexuses  often 
take  the  impregnation  irregularly,  which  gives  the  appearance  of  brownish 
or  ooffee-oolored  spots  scattered  and  sometimes  arranged  in  a  row  just 
underneath  the  plexif orm  layer.  At  first  I  was  not  successful  in  tracking 
satisfactorily  the  fibres  of  origin  and,  therefore,  hesitated  as  to  stating 
the  significance  of  these  interesting  arborizations.  Very  recently,  how- 
ever, in  two  or  three  fortunate  specimens  I  have  been  able  to  demonstrate 
the  connection  between  this  plexus  and  the  fine  ascending  axons  of  certain 
small  cells  situated  in  Uie  deeper  level  of  the  2d  or  outer  level  of  the  Sd 
layer.  I  am,  therefore,  now  inclined  to  consider  this  intermediate,  or  sub- 
plexiform,  nerve  plexns  as  consisting  of  terminal  arborizations  intended 
for  the  small  pyramids.  The  fibres  of  origin  spring  from  more  deeply  situ- 
ated spider-shaped  cells  very  hard  to  impregnate.  I  may  add  that  these 
[dexuses  are  not  lacking  in  the  oat  and  dog,  although  in  these  Miimals 
the  fibrilhe  are  not  so  numerous  nor  so  extremely  fine  as  in  the  hnman 
brain.  Permit  me  also  to  add  that  they  occur  in  all  regions  of  the  cor- 
tex, although  up  to  Ihe  present  we  have  obtained  the  best  impregnation 
of  them  in  the  visual  area. 

e.  Small  BipanicUd  OeU*.  —  In  the  visual  region,  as  well  as  in  other 
areas,  of  the  human  cortex  we  find  in  profusion  certain  small  cells  vertically 
elongated.  Their  axon  presents  the  very  singular  feature  of  breaking  up 
into  long  slender  brashes  of  tenninal  fibrillffi.  At  first,  I  thought  that 
these  singular  cells  were  forms  oharaoteristio  of  the  acoustic  area,  for  here 
they  are  remarkably  developed  and  very  numerous.  Further  inve8ta.ga- 
tion,  however,  has  convinced  me  that  they  occur  in  all  parts  of  the 
cortex,  disposed  in  greatest  numbers  along  the  lower  level  of  the  2d  and 
8d  Uyers  (Fig.  8  and  Fig.  11,  S,  F}. 

As  stated  above,  we  are  discussing  the  small  spindle-shaped  cells 
with  poles  radially  disposed,  which  give  rise  to  groups  of  dendrites, 
slender,  unprovided  with  contact  granules,  very  finely  varicose,  and  often 
arranged  in  long  ascending  and  descending  brushes.  In  some  cases  these 
are  so  fine  tiuA  on  superficial  examination  they  might  be  mistaken  for 
delicate  neuritic  arborizations.  But  the  most  striking  peculiarity  of 
these  oells  concerns  the  subdivisions  and  course  of  their  axons.  This  pro- 
cess is  very  delicate.  It  ascends  or  descends  a  certain  distance,  then  gen- 
erally gives  off  a  few  collaterals  at  right  angles  whidi  soon  sobdivide  into 
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aBcending  or  descending  fibrUlee,  and 
finally  it  breaks  up  into  brushes  of 
veiy  slender  filaments  which  mn  xadi- 
aJlj,  extending  throughout  almost  the 
entire  thickness  of  the  cortex.  Ab  a 
whole  this  arborization  with  its  initial 
collaterals  forms  one  or  several  parallel 
brushes,  the  fibrils  of  which  sldrt  the 
I  trunks  of  the  pyramids  and  adapt  them- 
selTes  to  the  cell  bodies,  over  which 
they  appear  to  creep,  like  the  creeping 
fibres  of  the  cerebellum  on  the  branches 
and  bodies  of  the  Purkinje  cells. 

In  the  brain  of  the  human  infant 
at  birth  these  arborizations  have  not 
attained  complete  development  and 
present  but  few  vertical  brancUets. 
It  is  not  until  twenty  or  thirty  days 
after  birth  that  we  can  observe  the 
long  and  complicated  terminal  brushes. 
In  certain  areas,  the  acoustic,  for  ex- 
ample, each  neurite  may  form  as 
many  as  five  ascending  or  descending 
brushes.  The  fibrils  of  which  they 
consist  are  so  delicate  that  in  order 
to  see  them  well  we  must  use  the 
highest  apochromatic  objectivea. 

If  now  we  consider  all  the  differ- 
ent kinds  of  ceUs  having  short  axons, 
of  which  we  have  given  a  somewhat 
fastidious  description,  from  the  point 
of  view  of  their  connections  and  their 
probable  functions,  we  may  oharactei^ 

irom  «ditory  cortex  of  Infant  {i«  tompotia  ™  ^h^m  as  special  celU  of  association. 

ooQToiDtioD).  A,  cell  giTing  origin  to  m  de-  The  form  of  their  Cell  body  and  the  dis- 

•cendlng  »xon  modBrately  branched;  B,  coll  ,^.  ,  , ,  j-        » 

who«  uon  break,  np  Into  a  nnmber  of  pan-   POSltlOn  of  the  aiOU  Vary  aOOOrding  (o 

ell*  of  TMT  long  Moending  and  doeoendiag  the  number,  form,  and  position  of  the 

flbrilB:  a,  axon.     rBzamined  witb  Zeiu  apo-        ...         ,  .  ,    ,, 

chromatio  obj. !.».)  odls  to  which  they  must  convey  nerve 
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stimuli.  Thus  cells  with  a  horizontal  axon  must  be  intended  to  transmit 
impulses  to  elements,  probably  pyramidal  cells,  which  occur  at  the  same 
level  in  the  cortex.  Those  whose  axon  is  vertical,  ascending  or  descend- 
ing, would  naturaUy  transmit  impulses  to  elements  of  different  layers. 
Those  which  are  bipanicled  would  serve  to  associate  dynamically  a  great 
number  of  pyramids  in  vertioal  series.  Finally,  the  small,  spider-shaped 
cells  may  have  for  their  fonotion  association  of  groups  of  pyramids  very 
dose  blether.  Unfortunately  for  this  theory,  we  do  not  know  from  which 
nerve  fibres  all  these  elements  of  aasooiatioo  receive  their  initial  stimuli. 
Accordingly,  we  must  be  resigned  to  remain  in  ignorance  as  to  the  path  of 
the  afferent  impulses  and,  as  well,  in  regard  to  the  special  influence  which 
these  elements  must  exercise.  It  seems  very  probable,  however,  that 
their  function  consists  not  only  in  facilitating  the  spread  of  incoming 
stimuli,  hut  also  in  adding  to  it  something  new,  some  specific  modifica- 
tion which  cannot  now  be  determined.  We  shall  return  to  this  point  in 
our  general  conclusions  upon  this  work.  Bat  we  may  see  from  the  above 
how  many  paths  nature  has  opened  np  to  render  association  of  nerve 
impulses  possible  in  every  direction  and  throagh  any  distance.  That 
which  proves  the  importance  of  these  association  cells  and  leads  ns  to 
surmise  that  they  play  an  important  psychic  r61e  is  the  fact  that  they  are 
extremely  numerous  in  the  human  brain.  They  are  found  in  the  animal 
brain  as  well,  but  are  not  numerous  and  are  nsnaUy  confined  to  the 
boundary  of  the  1st  layer. 

I  conclude  here  my  exposition  of  the  prosy  topics  that  I  ohose  as 
the  theme  of  this  lecture.  And  nothing  remains  except  to  thank  you  for 
the  attention  and  good  wUl  which  you  have  shown  me  in  spite  of  the 
extreme  dryness  of  the  subject-matter. 
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LECTURE  II. 
Layxb  of  the  Labqe  Stellate  Cells. 

Mt  tecent  researches  in  the  visual  cortex  of  man  have  led  to  the  unex- 
pected discovery  of  certain  lai^e  cells  of  stellate  form  posBeseing  an  axon 
which  descends  to  the  white  matter.  Figs.  9  and  10  represent  very 
clearly  the  most  common  forms  of  these  strange  elements.  They  are 
differentiated  immediately  from  pyramidal  cells  by  their  lack  of  a  radial 
trunk.  Generally  speaking,  the  cell  hody  is  stellate,  but  there  is  no  lack 
of  semilunar,  triangular,  and  even  mitral  forma.  Their  dendrites  are 
thick  and  much  branched,  and  extend  in  all  directions,  especially  horizon- 
tally, without  ever  leaving  the  territory  of  the  4th  layer.  In  man  these 
processes  are  sparsely  provided  with  contact  granules,  while  they  are  very 
numerous  in  the  homologous  cells  of  the  mammalia  (cat  and  dog). 

As  to  the  axon,  it  is  rather  large,  arises  from  the  inferior  surface  of  the 
cell  body,  descends  through  the  4th  layer,  sometdmes  tracing  here  accom- 
modation curves,  and  after  crossing  the  5th,  6th,  Tth  and  8th  layer,  passes 
into  the  white  matter  and  is  there  continued  as  a  medullated  nerve  fibre. 
In  passing  through  the  4th  and  5th  layers  it  gives  off  three,  four,  or  a 
larger  number  of,  often,  very  large  collaterals  which  end  in  arborizations 
extending  over  a  considerable  area  in  these  layers.  It  is  not  uncommon 
to  see  these  collaterals  taking  a  recurrent  course  to  become  distributed  in 
planes  above  the  point  of  or^n  ;  but  in  this  they  never  trespass  on  the 
boundaries  of  the  4th  and  Sth  layers.  Finally,  and  this  is  a  very  frequent 
disposition  in  the  adult  cortex,  this  axon,  after  having  given  off  its  col- 
laterals, becomes  notably  finer.  Taking  into  consideration  its  diameter, 
sometimes  less  than  that  of  its  first  collateral,  we  might  be  led  to  mistake 
it  for  the  latter  rather  than  a  true  continuation  of  the  axon.  We  shfdl 
return  to  this  peculiarity,  which  is  presented  by  many  cells  in  the  visual 
cortex.  The  stellate  cells  present  a  similar  character  in  the  adult  human 
cortex,  and  I  reproduce  in  Fig.  10  their  principal  types  impregnated  (long 
method  of  Golgi)  in  the  case  of  a  man  thirty  years  old.     The  only 
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difference  tiiat  we  remark  between  these  cells  in  the  adult  and  infant 
brain  is  the  greater  deTelopment  of  the  dendrites,  which  extend  long 
distances  in  horizontal  planes  in  the  adult.     The  volume  of  the  soma  also 


Flo.  B.  —  Lftjen  4  and  a,  with  portion  of  6 ;  Btellkt«  c«Ui  of  ths  tIiuI  oortei,  Intut  20  d^i 
old,cmlc«rlae  iDlcna.  J,  Uyei  ot  large  iteUmtecBUl;  o,  wmllniiu'eoiptucle;  b,  fn^orm  borltootal 
cell;  c, cell  vith  ntdUI  trunk ;  c,oell  with  ttfohed  axon;  £, Ujei  of  imoll  stellate  cells i/.borlun- 
tal  foaitonn  cells ;  g,  triangular  cells  with  heaT7  arching  collaterals ;  C,  layer  of  Binall  pyramldi 
with  arched  axon;  A,  cells  of  this  trpe. 

increases  with  age,  which  shows  that  growth  of  dendrites  does  not  depend 
solely  on  the  lengthening  out  of  the  initial  or  primitive  protoplasm  of  the 
cell,  but  also  on  an  actual  augmentation  of  cell  substance. 


.,  Google 


338 


Santiago  Ramon  y  Cqjal: 


Cells  with  Short  Axon.  —  Ab  it  bappens  in  other  cortical  layers,  the 
4th  contains  a  large  number  of  cells  with  short  axon.  The  following 
three  types  may  be  diBtin^uiBbed  .*  — 


Fra.  10.— LugaatallAte  oellaof  the  ftdolt  brsln,  mui  30  jmh  old,  luifftborbood  o(  eUearina 
■Dleiu.  A,  B,  C,  F,  iteUata  cell*  of  the  4th  1»7«t  ;  D,  E,  K,  madlom-alMd  >tell«t«  colli  of  SUi 
\Kjvr  i  0,  H,  J,  oelli  with  short  axon.    (Oolgl'a  alow  mothod.) 

(a)  Cells,  stellate,  fusiform,  or  triangular,  whose  axon  ascends  to  be 
distributed  in  the  superficial  plane  of  the  4th  layer  (Fig.  11,  A,  C,  If). 

(h)  Cells  of  similar  form  and  position,  but  whose  wcon  distributes 
itself  to  the  layer  of  medium-sized  pyramids  (Fig.  11,  B). 

(e)  Spider-shaped  cells  with  a  notably  short  axon,  as  may  be  seen 
in  Fig.  18,  R 
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Fia.  11. — Cells  of  the  -rlanal  oortax,  infant  US  dayi  old,  Itli  lifBr.  A,  eell  Mndlng  noa  to 
nqwtlor  portlOD  of  Itb  l»;Mr ;  B,  cell  whoee  uon  branchea  to  the  3d  end  4th  la;en ;  C,  anotbeT  c«ll 
Mndlng  brwnchM  Into  tbeSd,  4tb,M)d6tbl»jetsi  E,F,  Tetj  HiuUl  blpanleled  cell*  fromUjeTof 
mwUDm<^ced  pTiunldij  a,  axon. 
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The  cells  with  ascendiDg  axon  are  remarkable  on  acoount  of  the  ouri- 
oue  arched  course  of  the  latter.     It  has  in  some  oases  initial  collaterals. 

The  stellate  cells  as  well  as  other  cells  with  tiie  short  axon  are  also 
found  in  the  cortex  of  the  cat  and  dog,  where  thej  form  a  well-defined 
layer  of  their  own,  corresponding,  considering  the  character  of  its  elements, 
to  the  4th,  5th,  and  6th  in  the  visoal  cortex  of  the  child.  Fig.  12.     Cells 


FiO.  13.  — 8tall»te  o«U(  trom  vUiul  cortex  ol  a.  cat  aged  28  dars.  A,  layer  of  atellate  calla 
oorreipondlnB  to  the  4Ui  and  Bth  Ia;en  In  man;  B,  laTci  of  giant  pjramldi;  a,  5,  c,  stellate  Mill 
baTtng  long  deicendlng  azone ;  d,  t,  medlnm-alzed  pynunlde  among  the  MellaU  e«ll«. 

with  short  ascending  axon  are  especially  numerous  and  are  characterized 
by  being  fusiform  in  shape  and  by  the  contact  grannies  which  cover  the 
cell  body  and  principal  dendrites.  Besides  the  existence  of  ceUs  in  the 
cerebral  cortex  whose  axons  ascend,  but  do  not  make  their  way  into 
the  first  layer  as  do  those  from  Martinotti's  elements,  is  the  fact  that  I 
long  since  discovered  while  working  upon  the  motor  cori»x  of  tiie  small 
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mammalB;  this  is,  as  m;  latest  obserratioDB  show,  that  these  elementa  are 
very  numerous,  and  that  each  cortical  layer,  or  better,  that  each  layer  of 
a  plexif  orm  aspect,  contiuns  a  special  kind  of  this  element.  In  addition, 
as  we  shall  see  in  a  moment,  these  cells  form  a  constant  factor  in  all  the 
cortical  layers  in  which  nerve  fibres  incoming  from  the  white  matter 
make  their  terminal  arborizations. 


Fifth  Latbb,  or  Latxb  of  Shall  Stellate  Cblu. 

This  layer,  which  corresponds  to  the  greater  part  of  the  stripe  of 
Yicq  d'Azyr,  when  examined  in  Kissl  preparations  appears  to  contain  an 
enormous  number  of  small  rounded  elements  which  might  be  mistaken 
for  scattered  nuclei  not  surrounded  by  protoplasm.  But  in  these  same 
preparations  we  may  still  detect,  beside  these  corpuscles,  a  few  others, 
scattered  here  and  there,  of  stellate  or  triangular  form  and  medium  or 
large  size,  very  BimUar  to  the  great  stellate  cells  of  the  4th  layer. 
Golgi's  method  reveals  to  us  the  great  complexity  of  the  5th  layer,  and 
by  this  means  we  have  succeeded  in  difierentiatii^;  as  many  as  five  kinds 
of  elements.     The  following  are  the  most  common  l^'pea  :  — 

(a)  Stellate  CeUt  of  Medium  Size. — These  are  exactly  similar  to  the 
stellate  cells  of  the  4th  layer.  They  are  not  nnmerouB,  and  lie  irregu- 
larly scattered  in  all  levels  of  the  5th  layer.  Their  dendrites  diverge, 
but  run  for  the  most  part  horizontally,  and  do  not  pass  beyond  the  layer 
of  their  cells  of  origin.  Their  axons  descend  and,  after  emitting  a  few 
collaterals  to  the  5th  layer,  make  their  way  to  the  white  matter.  In 
some  cases  their  collaterals  are  given  off  lower  down,  in  the  6th  layer, 
and  then  their  course  is  recurrent,  because  they  must  make  their  terminal 
arborizations  between  homonymous  cells  (Fig.  9,  g,f^. 

(6)  CelU  with  Atcmding  Axon.  —  These  are  fusiform  or  triangular,  dis- 
posed with  long  axis  vertical.  Their  axon  is  similar  to  that  of  cells  of 
this  type  in  the  4th  layer.  That  is  to  say,  after  ascending  a  certain  dis- 
tance it  forms  a  terminal  arborization  of  arching  branches  distributed 
among  the  elements  of  the  overlying  layer.  From  its  initial  portion 
spring  a  few  collaterals  which  are  distributed  to  the  5th  layer  (Fig.  IS, 
A,  B,  C). 

(c)  Ovoid  or  Stellate  Corpuaelet  (properlif  dengnated,  &ranvle$y.~— 
These  rarely  exceed  in  diameter  more  than  ten  or  twelve  /*.  They  are 
the  most  numerous  element  of  the  6th  layer.     Their  soma  is  ovoid, 


.,  Google 


342 


Santiago  Ram^n  y  Cc^cU: 


Bpheroidal,  and  even  polygonal  in  form  and  giTes  rise  to  three,  four,  or 
more  fine,  smooth  dendrites,  which  terminate,  after  a  short,  wavy  course, 
within  the  limits  of  the  5tii  layer.     Their  azons  are  very  delicate  and 


Tm.  13.  — Calb  In  the  Sth  Jajet  witb  BBc«iidiiig  »xon,  Tisnal  eortaz  of  lulaut  ag»d  U  di 
A,B,  qbIIb  whose  KZODS  (abdlvide  Istheliiyeiof  lugaitellate  oelli;  C,  eella  whoM  ftzom  give 
to  bnuiebM detUaed  loi  the larsi  ot  medlnm-aliad  pjiunld*;  J),  oeUvlUi  Mdi«d  Mon,  tbalal 
portion  of  whkh  giTM  riie  to  bnochw  tor  tha  4th,  Gtb,  and  •▼•&  6tli  laym  j  E,  Yflry  imall  o 
•nKhnUonn,  irith  delloMe  woeDdlDg  kzoiu;  a,  «zon. 
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take  a  great  variety  of  directioDS,  —  ascending,  desoending,  or  horizontal, 
— and  finally  end  in  an  extended  arborization  of  few  branohlets  dis- 
tributed excluBively  to  the  very  midst  of  the  6th  layer  (Fig.  14). 

({f)  Iheatf  or  Spider-tKaped  Corputclet.  —  Of  these  there  is  no  lack  in 


-^5(1^ 


Fia.  14.  — SduIIobUi  in  the  layer  of  smftUiteUkW  cells,  poiMulng  ghoit  dlflnae  azotu  (Inluit 
90  di^}.  a,  cells  wlUi  daLoate  aaoendJng  Mtm;  1>,  o,  cells  with  dMcending  azon;  d,  Ui^  mU 
whoM  axon  forma  lUtenninalailNirintion  Id  ths  4th  layst;  a,  axoB. 
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this  layer,  whose  nerve  plexus  they  help  to  bewilder.    Their  very  tiny, 
often  ascending,  axon  resolves  itself  very  soon  into  an  extremely  dense, 


Fm.  is.  — Celli  wlthahoTt  Mconiof  th«la]rar  otatellata  ooUa  Irom  the  rlnial  cortex  at  ■  oat 
•(•d  38  <Uya.  a,  Urge  call  whoM  deocandlng  mcod  nbdlTidsf  In  the  dMper  lerel  of  th*  4Ui  Uyer 
(Wiuidfitli«t  mui);  fi,  Wftchnltorni  cell  whon  szon  forma  a  fine  and  TerTdeDMpIenw;  tl,  tnil- 
form  call  whoM  axon  ii  TasolTsd  into  vertical  btanolMB. 

fine  arborization  close  to  the  cell.  In  the  dense  masses  of  these  arbo- 
rizations we  nottoe  spaces,  which  probably  cotreapond  to  groups  of 
granules. 
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The  cbUb  with  short  axons  are  very  abundant  iu  the  visual  cortex  of 
the  cat,  as  may  be  obserred  by  examining  Figs.  15  and  16.  Among  them 
the  more  abundant  types  are .-  a,  fuaifonu  cells  whose  ascending  axon  is 
distributed  to  the  superior  levels  of  the  layer  in  question  (1th  and  5th  in 
man)  (Fig.  16,  D);  b,  large  ateUato  cells  with  descending  axon  forming 
their  terminal  arborizations  in  the  deeper  levels  of  this  layer  (Fig.  15,  a) ; 


Pra.  16.  — Elem«nt«from  Uw  layer  ot  ttelUte  o«lIi  of  theTlctuloorMxof  ACfttngadabontoiw 
monUi.  A,  B,  C,  nnkll  pjTamldi  with  ftzons  miched  uid  ucendlng ;  D,  Urge  tiuUorm  celli  with 
MoendlDgucone;  2,  uacliiiilonii  oells  with  ihort  axon  i  a,azoD. 

«,  stellate-aracbniform  cells  whose  axon  forms  a  most  complicated  arboriza- 
tion (Figs.  15,  i,  and  16,  E')  \  d,  biponicled  cells  lai^r  than  corresponding 
cells  in  the  human  brain  (Fig.  15,  d). 

Nerve  Plexut  of  the  ith  and  5th  layer*  of  the  Cortex.  One  of  the  chief 
characteristics  of  these  layers  consists  in  the  very  dense  plexus  of  medul- 
lated  fibres  extending  among  their  nerve  cells.  This  is  formed  by  two 
kinds  of  fibres :  (1)  Exogenous  fibres,  that  is  to  say  those  coming  from  the 
white  matter,  probably  continuations  of  the  cerebro-optio  troot.    (2)  En- 
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dogenons  fibres,  formed  by  tbe  terminal  ftrborizatlons  of  the  sxous  which 
come  from  cells  of  the  4th  and  6th  or  the  underlying  layets. 

Exogenous  Fibres.  —  I  have  already  stated  that  Gennari's  oi  Vicq 
d'Azyr's  stripe  corresponds  chiefly  to  the  5th  layer,  but  also  includes  part 
of  the  4th.  However,  the  true  composition  of  this  stripe  cannot  be  seen 
in  Weigert-Pal  preparations,  because  the  hematoxylin  stains  only  the  large 
or  medium-sized  fibres  which  possess  a  myeline  sheath.  Now  these  fibres, 
as  we  shall  presently  see,  represent  but  a  very  small  portion  of  the  com- 
ponents of  Gennari's  stripes.  Very  fortunately  Golgi's  method,  applied 
to  tbe  brain  of  an  infant  at  birth  or  but  a  few  days  old,  affords  us  a  very 
clear  view  of  the  meduUated  and  unmeduUated  fibres  which  make  up  this 
plexus.  This  method  accordingly  furnishes  us  a  means  of  analyzing  its 
origin  and  manner  of  termination.  Permit  me  to  state  at  the  outset  that 
the  principal  contingent  of  exogenous  fibres  is  represented  by  a  coosid* 
erable  number  of  fibres  from  the  white  matter,  which  I  shall  henceforth 
call,  in  virtue  of  their  physiological  significance,  optic  fibres. 

The  optic  fibres  are  easily  distinguished  from  the  axons  of  the  pyra- 
mids by  their  direction,  which  is  oblique  (in  some  cases  they  are  tortuous 
or  even  stalr^baped),  by  their  la^e  calibre,  often  exceeding  that  of  axons 
of  the  giant  pyramids ;  finally  by  the  fact  that,  instead  of  going  to  a  cell 
as  its  axon,  they  repeatedly  divide  diehotomously,  each  branch  resolving 
itself  into  a  perfectly  free  terminal  arborization  spreading  almost  horizon- 
tally through  the  extent  of  the  4th  and  6th  layers.  Fig.  17  reproduces  the 
appearance  of  the  optic  plexus  in  a  preparation  in  which  it  was  impreg^ 
nated  almost  alone.  I  call  your  attention  to  tbe  fact  that  these  optic  fibres 
send  off  no  collaterals,  or  very  few,  in  passing  through  the  deeper  layers 
(9th,  8th,  7th,  6th),  but  immediately  on  reaching  the  5th  layer  their  final 
ramification  begins.  This  occurs  in  many  ways.  Some  filn^s  divide  at 
different  levels  of  the  5th  layer  into  two  equal  or  unequal  branches  which 
run  horizontally  to  great  distances,  becoming  resolved  into  a  great  number 
of  collaterals  which  ramify  throughout  the  entire  thickness  of  the  layer. 
Other  fibres  may  be  seen  which,  after  giving  off  a  few  long  collaterals 
daring  their  ascent  through  tbe  5th  layer,  reach  up  to  the  extreme  limit 
of  tbe  5th  layer  and  here  become  horizontal.  There  is  no  lack  of  fibres 
which  ascend  directly  up  to  the  limit  of  the  layer  of  medium-sized  pyra- 
mids and  there  describe  arcs,  and  even  very  long  wavy  courses,  and  end 
by  descending,  dividing  as  they  descend,  through  the  4th  and  5tb  layers. 
Finally,  from  tiie  arching  portion  of  some  of  these  latter  fibres  fine  collat- 


.,  Google 


VimtfU  Cortex.  34Y 

einls  may  be  seen  to  Bpting  on  their  way  to  the  layer  of  mediom-sized 
pyramids,  where  they  disappear  after  a  few  divisions.  To  sum  up,  the 
optic  fibres  terminate  al- 
most exclasively  within 
the  4th  and  6th  layers. 
In  only  two  instancea 
have  I  discovered  col- 
laterals  of  optic  fibres 
which  appeared  to  form 
their  terminal  arboriza- 
tions  within  the  iBt 
layer. 

This  plexns  of  optic 
fibres  is  one  of  the  rich- 
est  and  densest  to  be 
found  in  the  gray  mat- 
ter of  the  brain.  If  it 
is  completely  impreg- 
nated, which  frequently 
occurs  in  an  infant  brain 
fifteen  or  twenty  days 
old,  it  appears  as  a  be- 
wildering meshwork  of 
wavy  fibres,  besprinkled 
with  vacant  spaces  cor- 
responding to  the  cell 
bodies  of  these  layers 
(Fig.  18,  B). 

I  may  add  that  the 

,     ...  Pro.  IT.  — Hskt;  fibre*  coming  bom  ths  wblU  nlMMDae 

appearance    OI     tms  MdmbdlTlding  in  Gennarl'*  stripe;  Tiaiul  cortoi of  Intmnt aged 

plexus    diffres    a    little  tlmedayi.    .1,  whttaialntuioe;  B,\kjw  at  sniftU  sUUar  cells; 

tK     *-a,     1  rv  ^'  *'*''**  flbtee  o(  *th  layer  ;  D,  bonier  of  layer  ol  mediam- 

in  tne  two  layers  (_!<  Ig.  ^^^^  pyiamldB;  a,  tmnks  of  the  Incoming  fibres  ;  6,  ooJI»ler»to 

18}>      In   the   4th  layer  t"'  *^  deeper  Uyen;  c,  uoendlng  eollaterali  destined  lor  the 

■  ,      f<<  ,  ,  mors  ■nperfldal  layers. 

its  nbres  are  larger  and 

often  disposed  in  arches  or  horizontal  bars,  its  arborizations  are  loose 
and  separated  by  ample  spaces  in  conformity  to  the  size  of  the  great 
stellate  cells;  while  in  the  5th  layer  it  consists  of  fine  varicose  fibrils 
arranged  in  an  extremely  dense  lattice  work  with  small  spaces,  cone- 
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spending  to  the  Bmall  size  of  the  medium-sized  stellate  cells  (Fig. 
18,  5). 

In  the  preceding  brief  description  I  have  called  the  large  ezogenoiu 
fibres  optic  fibres.  But  what  reasons  have  we  to  suppose  that  these 
fibres  actually  come  in  from  the  primary  optic  centres?  We  must 
acknowledge,  at  the  outset,  that  the  proof  of  their  optical  origin  ia  not 
perfect ;  but  there  is  no  lack  of  facts  which  favor  such  a  view.  Some  of 
these  facts  are  the  following :  — 

(a)  In  the  minute  brains,  as,  for  example,  that  of  a  newborn  mouse, 
we  can  follow  these  fibres  in  some  cases  to  the  radiation  of  Gratiolet. 

(i)  The  fibres  which  are  on  their  way  to  Geunari's  plexus  are  very 
lai^e,  larger  than  the  axons  of  the  giant  pyramids  or  those  of  cells  of 
intercortical  association. 

(e)  In  the  motor  cortex  we  have  found  that  lai^  fibres  distributed  in 
a  similar  way  actoaUy  come  in  from  the  corona  radiata. 

(d)  In  the  visual  cortex  of  a  man  who  became  blind  I  have  discov- 
ered, by  using  Nissl's  method,  a  perceptible  atrophy  of  the  stellate  cells 
of  the  4th  and  5tb  layers.  A  similar  case  has  been  recently  repori^d  by 
Cramer ;  and  this  fact  would  seem  to  point  to  an  intimate  union  between 
these  elements  and  the  act  of  visual  perception,  a  union  whose  material 
bond  is  probably  represented  by  the  exogenous  fibres  of  Gennari's  plexus. 

(e)  Granted  that  the  visual  cortex  must  receive  a  great  number  of 
fibres  from  the  radiation  of  Gratiolet,  it  is  natural  to  refer  to  this  source 
the  fibres  which  form  Gennari's  plexus ;  since  this  ia  the  distinctive 
plexus  of  this  region  of  the  brain. 

From  the  probable  fact  t^t  the  plexus  of  Grennari's  stripe  is  the 
terminus  of  the  optic  fibres,  we  may  draw  the  important  conclusion  that 
the  cells  of  the  4th  and  6th  layers  represent  hi8tol<^cally  the  principal 
substratum  for  visual  sensation ;  because  up  to  this  point  in  the  cortex 
sensory  impulses  heap  up  on  the  centripetal  side,  and  here  begin  to 
become  centrifugal. 

Another  conclusion  not  less  interesting  follows  from  it :  for  an  ensem- 
ble of  anatomico-physiological  facts  seem  to  show  that  the  region  of  the 
calcarine  fissure  is  not  the  locus  of  visual  memories,  but  only  that  of  sen- 
sations of  luminosity,  and  that  the  residues  of  the  latter  must  go  (in 
order  to  become  transformed  into  latent  images)  to  other  nerve  centres. 
We  are  naturally  led  to  consider  the  long  axon  of  the  4th  and  5th  layers 
as  the  principal,  if  not  the  only,  path  joining  these  two  kinds  of  centres. 
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Fia.  IS.  — ITerveplBxiuot  thelthMuIGthlaysnfrom  the  TiiULl  ooTt«z  of  an  Infant  agsd  X 
dayi.  A,  B,  C,  mpectively,  Ujan  4th,  Sth,  and  6th;  a,  tmnks  of  optic  flbies;  b,  axons  of  colli  of 
the  6th  layer ;  c,  aacending  aioni  of  colli  In  the  Sth  layer ;  d,  handle  ot  azoni  dMcending  from  the 
medlDin-diad  pynmida ;  «,  tnuretM  arcfaea  of  tho  optio  flbraa  giving  rlMtoaae«ndlngMllat«rala. 
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Theae  fibres  wonld  function,  aooordlngly,  in  carrying  tiie  copy,  or  the 
sensory  residue,  received  in  Gtennari's  plexus,  to  appropriate  assooiation 
areas  of  the  brain.  Their  paychic  role  is  thus  a  very  important  one,  and 
we  should  suppose  that  their  interruption  would  produce  psychic  Uind- 
neas  as  certainly  as  the  deetracUon  of  the  occipital  lobe  itself. 

The  plezua  of  Gennari  is  well  developed  in  other  mRmmalH,  but  the 
terminal  arborizations  are  never  as  complicated  as  in  man  (F^.  19). 
Farther  than  this  I  have  not  been  able  to  demonstrate  any  definite  differ- 
ences in  arrangement  at  various  levels  of  the  layer  of  stellate  cells.  How- 
ever,  it  has  seemed  to  me  that  the  terminal  branches,  which  are  very 
varicose,  tend  to  be  especially  dense  in  the  superficial  planes  of  this  layer. 

Endogenvus  Fibres. — In  addition  to  the  large  nerve  fibres  entering 
from  the  white  matter,  Gennari's  plexus  contains  either  terminal  or 
collateral  ramifications  of  fibres  which  arise  in  the  cells  proper  of  the 
visual  cortex.     Such  are :  — 

(1)  The  very  numerous  branches  from  the  small  cells  with  short  aztm 
of  the  5th  layer. 

(2)  The  terminal  neuritic  arborizations  of  cells  with  ascending  axon 
lying  in  the  6th,  7th,  and  8th  layers. 

(S)  Arborizations  of  collateral  branches  supplied  to  the  4th  and  5th 
layers  by  the  long  descending  axons  of  the  stellate  cells. 

(4)  Terminal  arborizations  from  the  fusiform  or  triangular  cells  of  the 
4th  and  5th  layers  which  have  ascending  axons,  etc 

The  plexus  formed  by  all  the  above  fibrils  is  usually  finer  than  that 
of  the  optical  fibres.  In  order  to  make  out  to  the  best  advantage  its 
extreme  complication  throughout  its  whole  extent,  we  must  study  it  in 
the  cortex  of  an  infant  from  fifteen  to  twenty-^ve  days  old,  a  period  at 
which  the  terminal  arborizations  of  the  visual  cells  are  completely  devel- 
oped. It  has  seemed  to  me  that  the  endogenous  arborizations  are  more 
numerous  in  the  4th  than  in  the  5th  layer.  We  may  notice  also  that 
they  show  a  tendency  to  form  true  nests  surrounding  the  stellate  cells  of 
these  two  median  layers. 

Sixth  Lateb. 

Flexiform  and  poor  in  cells  in  Nissl  preparations,  it  contains  a  large 
number  of  small  pyramidal  or  ovoid  elements  with  long  axis  vertical  and 
provided,  as  may  he  seen  in  good  Golgi  specimens,  with  a  radial  trunk 
extending  up  to  the  first  layer.     They  have  also  a  few  short  basilar 
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Yia.  19. — Optle  fibna  from  Tivnal  oortax  of  o«t  6  dsTi  old.  A,  bUuMatloii  of  flbcM  a  ihort 
diituiM  fnHn  tlw  irtilte  matter;  S,  nerre  plszni  In  Utm  of  atallat*  oelli  (ith  waA  SUi  lajen 
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dendritest  descending  or  oblique  and  little  branched.  Bat  the  most  difl- 
tinctlve  charaoter  oE  these  small  elements  consists  in  the  course  of  their 
axons.  These  descend  a  short  distance,  then  carve  upward  and  ascend 
through  the  6th,  5th,  and  1th  layers,  to  which  they  give  a  few  collatenls, 
and  end  in  a  manner  which  I  have  not  been  able  to  discover.  In  some 
oaaea  these  axons  have  branched  close  to  their  origin  and,  instead  of  one, 
describe  two  arcs  oontiuned  by  ascending  fibres.  Other  axons,  more- 
over, make  even  a  greater  number  of  loops.  From  the  convex  aspect  of 
these  curves,  as  well  as  from  the  ascending  portion  of  the  axons,  within 
the  6th  layer  spring  numerous  collaterals  which  branch  throughout  the 
entire  thickness  of  the  layer.  Some  descend  still  further  and  subdivide 
in  the  plexus  of  the  7th  layer,  that  is  to  say,  at  the  level  of  the  giant 
pyramids  (Fig.  20,  B). 

Besides  these  small  cells,  which  are  certainly  tiie  most  abondant,  wa 
find  two  other  cellular  types :  (a)  Cells  of  stellate  form  and  medium 
size.  They  possess  radiating  dendrites  which  do  not  usually  pass  beyond 
the  6th  layer.  Their  axons  ascend  and  form  an  arborization  throughont 
the  extent  of  the  6th,  6tli,  and  4th  layers,  (ft)  Ordinary  pyramidal  cells, 
very  scarce,  of  medium  or  large  size.  They  have  precisely  the  same 
oharact«rs  as  the  pyramids  of  the  Tth  layer. 

Seventh  Laybb  ob  Latxb  of  Giant  PrBAJUDS. 

Solitary  CeUs  of  Meynert.  —  This  layer  contains  one  or  two  irregular 
and  discontinnous  files  of  giant  pyramids,  which  appear,  here  and  there, 
lost  as  it  were  in  a  dense  and  extended  plexus.  To  this  plexus  the  layer 
owes  its  finely  granular  appearance,  which  may  be  seen  even  in  prepare^ 
tions  stained  by  Nissl's  method  (Fig.  20,  C,  and  Fig.  22,  £). 

The  cells  in  question,  like  other  pyramidal  cells,  possess  a  very  large 
radial  trunk  which  ends  in  a  flattened  spray  of  horizontal  branches  in  the 
lower  levels  of  the  plexiform  layer.  The  cells  are  also  provided  with 
a  few  many-branched  basilar  dendrites  which  distribute  themselves 
throughout  the  layer  and,  finally,  with  a  great  number  of  horizontal 
dendrites  forming  a  plexus  which  would  seem  to  provide  connections 
between  these  cells  through  long  distances.  This  is  such  a  characteristic 
feature  that  by  its  presence  alone  we  are  able  to  distinguish  the  visual 
from  all  other  cortical  areas.  The  axon  of  the  giant  pyramids  is  very 
large,  extends  almost  vertically  through  the  8th  and  dth  layers,  and  is 
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continued  as  a  fibre  of  the  white  matter.  Collaterals  sprinj^  from  its 
initial  portion  which  ramify  in  the  7th  and  even  the  superficial  levels  of 
the  8th  layer. 

In  addition  to  the  giant  pyramids,  which  in  some  oases  are  not  at  all 


Fio.  so. — Call!  «f  Uh  mh  tai  Ttlt  Ufon  tiom  Uw  hnniKi  Tinial  eortox,  Infuit  Udftji  old. 
J,  BthlafMi  fl,  6tlilaT«T;  C,  Tthl^w;  a,  gUntprrsmld;  b,  madlnm-dzed prnunld  with  dMoend- 
Ing  axoD ;  e,  iiiibII  pyramid  with  andMiI  aaceiidliig  axon ;  d,  pjiamid  whose  axon  praasnti  two 
•lehM;  <,pyiaiiild  whow  axon  glvaa  riaa  to MTaial aiohed  flbret ;  A,/i?iMeUat«aalli  witbawand- 
luf  axon*  nmtfltd  In  the  6th  and  6th  layen;  1,  J,  K,  prramidi  irtioee  axon*  aroh  and  inbdlTide 
tn  the  Tth  and  8th  laTen. 

numeroos,  the  Tth  layer  contains :  (a)  a  number  of  medium-sized  pyra- 
mids possessing  the  same  characters ;  (()  several  small  elements  exactly 
similar  to  those  of  the  6th  layer,  the  cells  with  the  complicated  forked  and 
arched  axons  distributed  in  the  manner  above  described  (Fig.  20,  K,  t,  •/); 
(0)  in  addition  may  be  found  medium-sized  stellate  cells  situated  in  the 
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7th  and  8lJi  layers  (Fig.  21,  A,  B).  The  very  remarkable  feature  of  the 
latter  cells  consists  in  their  tennioal  arborizations.  Their  neurites  tt^e 
at  Erst  an  ascending  or  oblique  course,  divide  Into  two,  and  then  give 
rise  to  a  large  number  of  oblique  or  horizontal  branches  which  occupy 


Fio.  21.  — Special  cellBof  the TthlftTer.TlsDalcorUz of  tnttutt.  J,B,8t«llatecelliwhi)MUoii« 
form  terminal  arborizations  In  tbe  layer  of  giant  pynunlds ;  G,  cell  with  long  aaoendiag  axon  dU- 
trlbut«d  tothe4thaiidlHlilB;en;  D,  giant  pyramid  olTth  layer ;  c,  6,  axons  of  amall  pynunidi  of 
eth  layer. 

a  good  part  of  the  7th  layer.  In  the  brain  at  birth  their  terminals 
present  no  special  peculiarities ;  but  in  one  twenty  days  old  I  have  found 
that  a  number  of  these  arborizations  surround  the  giant  pyramids,  form- 
ing terminal  nests.  Only  their  arrangement  is  not  so  definite  here  as  in 
the  motor  region,  where  we  find  it  wonderfully  developed.  (Compare 
with  description  below.) 
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Eighth  Latbb. 


Examined  in  Kissl  preparations  this  layer  presents  a  mass  of  mediam- 
sized  pyramids  and  a  remarkably  dense  formation  of  granules.  This  is 
tlie  reason  Meynert  and  other  writers  have  called  tliis  ^  layer  of  deep 
granules  or  inferior  granular  layer. 

Golgi's  method  reveals  in  this  formation  elongated  cells  of  pyramidal 
form.  They  have  the  radial  trunk  continued,  up  to  the  plexiform  layer 
and  also  descending  basilar  dendrites  which  become  subdivided  and  end 
within  the  8th  layer.  Among  these  there  is  no  lack  of  fusiform  or  tri- 
angular cells,  but  they  always  present  the  long  radial  trunk  which  we 
find  over  the  whole  cortex  (Pig.  22,  0~). 

In  general  form,  it  will  be  observed  that  these  cells  resemble  true 
pyramids.  However,  the  peculiar  behavior  of  their  axons  establishes  a  very 
clear  distinction  between  them.  As  may  be  seen  in  the  figure  (22,  i), 
this  axon  at  first  descends,  then  describes  an  arc,  ascends  into  the  7th, 
6th,  and  5th  layers,  and  finally  ends  in  a  horizontal  arborization  chiefly 
distributed  to  the  layer  of  steUate  cells,  but  a  few  of  its  branches  go  to 
the  5th  layer.  From  the  loop  of  the  axon,  and  in  the  course  of  its  ascent, 
spring  several  coUaterals,  which  ramify  in  different  planes  of  the  8th  layer. 
In  a  few  of  these  cells  we  may  observe  that,  at  the  bend  of  the  axon,  a 
slender  branch,  similar  to  a  collateral^  is  given  off,  which  crosses  the  8th 
and  9th  layers  and  enters  the  white  matter  as  a  medullated  fibre  (Fig. 
22,  g).  The  great  majority  of  these  coUaterals,  however,  terminate  com- 
pletely within  the  8tii  and  9th  layers.  At  any  rate,  we  must  distinguish, 
oonsidering  the  morphology  of  their  axons,  two  kinds  of  cells :  (a)  oeUs 
with  arched  axon  none  of  whose  collaterals  extend  to  the  white  matter ; 
(()  cells  whose  ueurite  divides,  at  the  arch,  into  a  fine  descending  branch, 
which  becomes  a  medullated  fibre  of  the  white  matter,  and  into  a  lai^r 
ascending  branch  with  its  terminal  arborization  in  the  4th  or  5th  layers. 

This  arched  arrangement  of  the  axon  in  cells  of  the  8th  layer  appears 
very  strange.  It  occurs  not  only  in  the  infant  brain,  but  in  the  visual  cor- 
tex of  the  adult  as  well.  It  seems,  at  first  sight,  to  violate  all  laws  that 
govern  the  length  and  direction  of  the  axons  in  other  sections  of  the 
nervous  system.  And,  what  seems  still  more  remarkable,  all  these  whim- 
sical windings  seem  to  subserve  solely  the  purpose  of  shortening  the 
stretch  between  the  cell  body  and  the  first  collaterals  given  off  by  the 
arch.     This  same  phenomenon  occurs  in  many  other  nerve  cells.     Were 
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Fia.  31.  — SaTBBth  uid  Bth  Utbii,  Tiaiul  cort«z  of  cat,  aged  SB  iaja.  A,  daepat  potUoa  cH 
layer  of  ttallate  cell*;  B,  layer  of  giant  pTramldi;  C,  layer  of  medliun-eliad  pjramlda  witb 
arohed  axon )  a,  b,  pyramldi;  o.  d,  nuill  pymnldi  with  axoni  dUtribotad  to  Tth  layer;  g,  trt- 
angnlar  cell,  vboM  axon  glvse  rtae  to  a  large  aaoeading  collateral ;  1,  anotber  whoee  axon  forma 
anarobandaaceiida;  1,  pynunld  with  axon  deaoenditig  to  wblte  matter ;  ],  element  from  the  deep- 
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it  not  for  a  deviation  from  oar  present  theme,  I  might  adduce  verj  coo- 
Tincing  instances  of  this  tendency  of  the  axon  to  take  the  direction  most 
faTorable  for  the  nerve  impnlsee  vhich  arise  in  the  cell  to  very  quickly 
reach  the  elements  connected  with  their  initial  collaterals. 

Permit  me  also  to  add  that  the  8th  layer  contains  giant  stellate 
cells  with  ascending  axon  (Martinotti'a  cells),  which  runs  to  the  plexi- 
form  layer  (Fig.  22,  j),  and  also  a  similar  bnt  smaller  cell,  whose  axon 
gives  rise  to  an  arborization  between  the  neighboring  cells. 

Ninth  Latzb. 

Coinciding  closely  with  the  so-called  pdymorphio  layer  of  other 
authors,  this  layer  contains  elongated  elementa,  fusiform,  triangular,  or 
ovoid,  possessing  a  radial  dendrite,  extending  up  to  QtB  pleziform  layer, 
and  also  one  or  several  basal  dendrites,  which  take  a  descending  or 
oUique  direction.  Finally,  these  cells  have  an  axon  which  descends  in  a 
straight  line  to  the  white  matter;  where,  after  giving  oS  several  col- 
laterals,  it  continues  as  a  medullated  fibre.  There  are  also  in  the  9th 
layer  a  few  fusiform  cells  with  short  radial  dendrites  and  ascending 
axon  and  a  number  of  stellate  cells  with  short  axon  of  the  so-caUed 
Gt)lgi  type. 

In  addition,  the  arrangement  of  the  oells  of  the  9th  layer  varies 
greatly  in  different  parts  of  a  oonvolntion.  In  the  convex  portion  they 
are  very  numerous,  fusiform,  and  slender,  elongated  and  perfectly  radial ; 
while  opposite  the  sulcus  they  have  a  quite  difFerent  form,  are  stouter, 
more  variable,  and  frequently  lie  with  long  axis  parallel  to  the  white 
matter,  i.e.  perpendicular  to  their  ordinary  direction.  Their  peripheral 
processes  perform  the  most  whimsical  contortions  in  order  to  become 
radial  and  reach  the  plexiform  layer.  Their  axon  appears  frequently 
horizontal,  describing  a  very  open  curve  on  its  way  to  the  white  matter. 
All  these  forms  and  many  others  represent  adaptations  of  the  oells  to 
the  foldings  of  the  cortex  and  to  its  varying  thickness  in  difFerent  parts 
of  a  convolution. 

I  will  not  impose  further  upon  your  indnlgent  attention  with  these 
tiresome  enumerations  of  layers  and  forms  of  cells,  in  the  mazes  of  which 
nature  herself  seems  to  have  intended  to  lose  the  investigator  and  put 
his  patience  to  the  test.     And  I  will  close  this  tedious  lecture  with  a 
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socoinot  ezpoaitioii  of  the  anatonuoo-phyaiological  indaotiona  that  seem 
to  follow  from  my  obaervationa  on  the  minate  structure  of  the  viauiil 
cortex  of  man  and  the  m&mmalia. 

1.  The  vistial  cortax  of  man  and  gTrencephalous  TtinTnmiilA  pottsesaes  a 
special  stxuctuie  verj  different  from  that  of  any  other  cortical  area. 

2.  The  -visual  region  is  characterized,  above  all,  by  fevness  of  giant 
pyramids  and  by  presenting,  at  the  level  of  the  grannlar  layer  of  other 
cortical  areas,  three  distinct  layers  of  cells  of  special  form,  to  vit :  the 
layer  of  large  stellate  cells,  the  layer  of  small  stellate  cells,  and  the  layer 
of  pyramids  with  arched  ascending  axon. 

8.  Gennari's  or  Vicq  d'Azyr's  stripe  contains  principally  tenninal 
arborizations  of  certain  very  large  fibres,  originating  probably  in  the 
primary  optic  centres  (external  geniculate  body,  pulvinar,  anterior  cor- 
pora qoadrigemina). 

4.  Since  these  opUc  fibres  are  distributed  chiefly  to  the  stellate  cells 
of  the  4th  and  5th  layers,  it  seems  natural  to  consider  these  elements 
the  snbstratum  of  visual  sensation. 

5.  The  innumerable  cells  widk  short  axons  in  the  4th  and  Sth  layers 
represent,  probably,  the  intermediate  links  between  the  optic  fibres  on 
the  one  side  and  tiie  stellate  cells  of  the  4th  and  6th  layers  and  the  pyram- 
idal cells  on  the  other. 

6.  As  these  intermediate  cells  are  often  Tery  small  and  have  short 
axons,  it  may  be  that,  besides  their  function  of  iUffnamg  the  incoming 
impulses  through  the  cortex,  they  play  also  the  special  role  of  augment- 
ing the  visual  impulses  by  fresh  discharges  of  nerre  force,  in  order  that 
they  may  reach,  in  sufficient  strength,  the  cortical  regions  in  which  the 
function  of  commemorative  recording  of  optical  images  occurs.  The 
pathways  for  conTeyance  of  visual  residues  from  the  median  occipital 
region  to  the  association  centres  in  the  parietal  cortex  are  possibly  repre- 
sented by  axons  of  the  stellate  cells  of  the  4th  and  5th  layers. 

7.  Granting  that  the  giant  pyramids  of  other  cortical  regions  give 
rise  to  motor  fibres,  it  would  follow  that  in  the  7th  layer  they  possess 
the  same  function.  These  cells,  whose  dendritic  trunks  come  into  con- 
tact with  the  optical  plexus,  4th  and  5th  layers,  serve  probably  to  mediate 
the  reflexes  of  the  eyeball  and  head  (conjugate  movementa  of  the  eyes) 
occasioned  by  elective  stimulation  of  the  visual  cortex,  a  theory  which 
would  seem  to  be  supported  by  the  physiological  experiments  of  Scl^fer, 
Danillo,  Munk,  and  others. 
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8.  Orantii^  that  each  giant  pyramid  comes  into  contact  in  the  4th 
and  5th  layers,  as  well  as  in  the  first  layer,  with  fibres  that  are  proba- 
bly aasociative,  we  may  suppose  that  motor  discharges  of  these  cells  can 
be  effected  by  two  kinds  of  impulses :  by  ordinary  optical  stimulation 
and  by  stimuli  of  a  volitional  order,  possibly  coming  from  the  association 
centres  and  reaching,  finally,  the  plexiform  layer. 

My  own  researches  do  not  furnish  grounds  for  further  conclusions. 
Many  points  still  remain  to  be  cleared  up;  but  their  complete  eluci- 
dation will  be  the  fruit  of  researches  more  detailed  and  exact  than  those 
I  have  been  able  to  undertake. 
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The  Sensobi-Motob  Cobtbx. 

After  the  study  that  we  have  just  made  of  the  visoal  cortex,  we  can 
be  more  concise  in  onr  examination  of  the  motor  area.  In  all  cortical 
r^ons  we  notice  general  struotaral  characters  and  special  featoree  which 
constitute  the  physiognomy  proper  of  each  cerebral  area.  Katorally, 
the  latter  will  be  of  more  interest  to  oa,  and  they  will  form  the  subject  of 
the  present  lecture. 

I  shall  not  stop  here  to  give  any  history  of  researches  undertaken 
upon  the  minute  anatomy  of  the  psycho-motor  areas.  A  bibliography  of 
the  subject  would  be  very  loi^,  tedious,  and  alt<^ther  superfluous,  sinoe 
it  has  already  been  provided  in  the  recent  studies  of  Retzius,  Hammar- 
bei^,  and  Kolliker.  It  will  suffice  to  name,  among  those  to  whom  we  are 
most  indebted  for  a  knowledge  of  the  structure  of  the  motor  cortex,  Mey- 
nert,  Baillarger,  Kolliker,  Krause,  Betz,  Lewis,  Golgit  Martinotti,  Retzius, 
Fleohsig,  Kaes,  Hammarberg,  Nissl,  etc.  All  these  writers  have  selected 
the  psycho-motor  cortex  for  special  study  ;  and  it  is  safe  to  assert  that 
all  our  knowledge  of  the  minute  structure  of  the  entire  cortex  has  taken 
its  character  from  this  region,  which  some  writers  have  denominated 
"  typical."  They  have  done  this  because  it  was  thought  at  the  time  when 
the  fundamental  works  of  Meynert  and  Golgi  appeared  that  in  histologi- 
cal structure  the  whole  cortex  corresponded  to  a  uniform  design,  present- 
ing only  unimportant  variations  in  different  regions. 

Neither  have  I  time  to  enumerate  the  layers  which  have  been  described 
for  this  cerebral  region.  Their  number  has  varied  under  the  pen  of  each 
writer  with  the  animal  and  the  method  he  has  happened  to  employ.  Thus 
Meynert,  who  made  his  observations  on  man,  distinguished  five  layers ; 
Stieda,  Henle,  Boll,  and  Schwalbe  limited  their  number  to  four ;  while 
writers  like  Erause  admitted  as  many  as  seven.  I  myself,  at  the  time  of 
my  investigations  upon  the  small  mammals,  recognized  four,  naming  them  : 
(1)  molecular  layer ;  (2)  layer  of  small  and  medium-sized  pyramids ; 
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(8)  layer  of  large  pyramids ;  (4)  layer  of 
polymorphic  cells.  This  nomber,  derived 
particularly  from  study  of  the  small  mam- 
mals, is  aot  valid  in  the  more  complicated 
human  cortex.  To  the  four  classical  layers 
of  smooth-brained  mammals  we  must  add 
one  at  least,  the  so-called  granular  layer  of 
Meynert  and  other  writers.  This  layer, 
situated  in  its  very  midst,  divides  the  layer 
of  giant  pyramids  into  two,  which  we  may 
call  respectively  tiie  external,  or  superficial, 
and  the  internal,  or  deep,  layers  of  giant 
[^rramids. 

To  sum  np,  the  following  are  the  layers 
which  it  is  possible  to  recognize  by  Nissl's 
method  in  the  human  motor  cortex  (ascend- 
ing frontal  and  ascending  parietal  convolu- 
tions). To  conform  to  our  scheme  in  the 
visual  cortex,  we  have  altered  the  terminol- 
ogy for  this  region  also. 

1.  Pleiiform  layer  (layer  poor  in  cells 
of  Meynert,  molecular  layer  of  some 
writers). 

2.  Layer  of  small  and  medium-sized 
pyramids. 

8.   External  layer  of  giant  pyramids. 

4.  Layer  of  small  stellate  cells  (gran- 
nlar  layer  of  the  authors). 

5.  Internal,  or  deep,  layer  of  giant 
pyramids. 

6.  Layer  of  polymorphic  cells  (fusiform 
and  medium-sized  pyramids  of  certain 
writers). 

Via.  23.  — 8«etloii  of  adnlt  hnnimii  motor  cortex,  < 
atoned  bj  Nlul'i  method  (Mmlachetoktlo).  I,  plexlform 
Hyvr ;  2,  lAjir  of  unftlt  pTnmlda ;  3,  lijer  ot  medtom' 
■IsBd  pyramid*  ;  4,  extenul  layer  of  ^ant  pyramid! ; 
S,  layer  of  email  Btellate  oella ;  6,  Internal  layer  ot  giant 
PTTainlda:  T.laywof  polymorpblooeUaordeeppyTainldal 
idoell*i8,l^ar  of  fn^oim  oella. 
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These  layers  correspond  particularly  to  the  ooDcave  portions  of  the 
motor  conTolutioiiB.  Over  the  convexities  the  gray  matter  is  thickened 
especially  at  the  level  of  the  polymorphic  layer,  which  here  appears 
divided  into  two  sub-layers :  an  external,  very  rich  in  pyramidal  and 
triangular  cells  (Fig.  28,  7) ;  the  other,  internal,  presenting,  besides 
the  heavy  bandies  of  white  fibres,  fosiform  cells  disposed  in  parallel 
series  (Fig.  28,  8). 

1.  Plexlfoim  Layer.  —  This  is  similar  in  stmctnre  in  the  motor  and 
visnal  areas.  It  contains,  therefore :  (1)  dendritic  arborizations  of  the 
pyramidal  and  polymorphic  cells,  that  is  to  say,  of  all  the  cells  of  deeper 
layers  (2,  8,  4,  5,  6)  except  stellate  cells  of  the  4th  layer  and  the  cells 
with  short  axons  scattered  through  the  entire  cortex  ;  (2}  terminal  arbori- 
zations of  the  ascending  axons  of  Martinotti ;  (8)  the  ramifications  of 
the  recurrent  collaterals  which  come  up  from  the  axons  of  certain  small 
and  medium-sized  pyramids  ;  (4}  the  fibres,  terminal  and  collateral,  which 
arise  from  the  white  matter ;  (5)  stellate  cells  of  variable  size  with 
short  axon  which  ramifies  within  the  Ist  layer ;  (6)  the  special,  or  hori- 
zontal, cells  with  long  tangential  dendrites  ;  (7}  finally,  neuroglia  cells  of 
the  two  well-known  types,  with  long  radiating  processes  close  underneath 
the  pia  (Martinotti,  Retzius,  Andriesen,  Bevan  Lewis,  et  al.'),  and  type 
with  short  processes,  located  at  all  levels  of  the  pleziform  layer  (Golgi, 
Cajal,  Retzius,  Martinotti). 

We  shall  not  enter  upon  their  descriptive  details,  since  all  the  stmc- 
turea  present  the  same  characters  here  as  in  the  visual  cortex.  We  shall 
merely  add  that  in  tiie  motor  cortex  the  plexiform  layer  is  notably  thick. 
It  also  contains  a  greater  number  of  horizontal  cells  and  terminations  of 
the  trunks  of  pyramidal  cells  (Fig.  25,  A,  B,  <T).  Its  greater  thickness 
arises  probably,  as  Lewis  remarks,  from  the  extraordinary  number  of 
pyramidal  cells  in  the  underlying  layers. 

2.  Layer  of  SmaU  and  Medium-sized  Pyramids  (Fig.  24,  2  and  8).  — 
We  shall  not  stop  upon  these,  because  they  are  so  well  known.  Permit 
me  merely  to  call  to  mind  the  fact  that  their  radial  trunk,  often  forked 
near  its  origin,  makes  its  arborization  in  the  plexiform  layer ;  while  from 
the  base  springs  a  fine  neurite  which,  in  case  of  the  small  mammals,  we 
can  trace  into  the  white  matter-  In  the  child's  cortex  this  is  made  diffi- 
cult by  the  distance,  but  I  have  been  fortunate  on  two  occasions  in  fol- 
lowing this  axon  into  the  medullary  substance,  where  it  was  continued 
as  a  medullated  fibre.     The  neuritic  collaterals  are  also  very  numerous 
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and  a  umnber  of  them  may  be 
seen  to  recur  and  make  their  arbo- 
rizations in  the  superficial  lamina 
of  the  plexiform  layer. 

Oellt  with  Short  Axtm*. — These 
are  numerous,  although  it  does 
not  seem  to  me  that  they  are  so 
extremely  abundant  as  in  the 
visual  region.  In  F^.  25  I  have 
reproduced  some  of  these  ele- 
ments which  habitually  occur  in 
my  preparations.  We  remark 
especially:  a,  a  laige  stellate  type, 
whose  ascending  axon  subdivides 
into  horizontal  or  oblique  branches 
covering  a  great  extent  of  the 
layer  of  small  and  medium-sized 
pyramids  (Fig.  26,  if);  h,  a  second 
type  of  similar  form  but  whose 
axon  forms  its  terminal  arboriza- 
tion very  close  to  the  cell  (Fig. 
25,  IT) ;  c,  still  another  form  with 
horizontal  axon  the  superficial 
branches  of  which  penetrate  into 
the  plexiform  layer  (Fig.  25,  i>); 
d,  arachniform  cells  with  axons 
subdivided  into  dense  plexuses 
(Fig.  25,  -F,  ff )  ;  «,  fusiform,  bi- 
panicled  cells,  which  have  been 
sufficiently  described. 


Fio.  24.— Euemble  of  Ujan  o(  motor 
oait«z«t  intaut  «ged  ODB  and  ahklf  month*; 
Qolgl'i  method  {MmlMh6ni*tlc).  Lajen  an 
nnmbarcd  ■•  (oIlowB :  1,  plezKorm;  2  and  3, 
■mall  and  mediatii-alied  [Tramlda;  4,  super- 
ficial giant  pyramids ;  B,  gnmuUr  or  email 
stellate  Mils ;  6,deepglaDtprTamldB;  T.polj- 
morphlo  cells,  or  deep  medlnm-alxed  pyramids. 
(In  this  figure  I  hare  not  repretented  th« 
deepect  portion  of  the  Tib  layerj 
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Having  studied  all  these  types  and  many  others  in  the  visual  cortex, 
it  is  unnecessary  here  to  enter  upon  a  more  detailed  description.     One 


Fto.  2B.— Calls  with  diortkzoiu  of  tho  piBzifonn  and  imftU  and  madlnni-alxad  pTiamldAl  call 
Imyera  from  motor  ooTtexoIlDtant  aged  one  month  and*  lew  days.  ^,£,  C7,boriK>oialceUaDt  the 
plszUorm  layer ;  H,  cell  with  tioriiODtal  ftxan ;  E,  luge  cell  with  very  abort  diffnaely  anlNliTlded 
axon;  i",!?,  Bpider-ahaped  cell*  wboae  delicate  azom  form  a  danae  plezoa  (0)  up  to  the  plezUorm 
layer ;  H,  J,  blponlcled  celll. 

thing  concerning  the  bipanicled  cells  I  may  add,  viz.,  that  in  the  motor 
cortex  there  appear  to  be  two  kinds:  one,  small  cells  provided  with 
slender  axon  disposed  in  very  delicate  vertical  pencils  (Fig.  25,  H^;  the 
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other  coDBisting  of  relatively  lai^  cells  having  very  long  and  thick  den- 
drites and  with  an  ascending  or  descending  axon  giving  rise  to  terminal 
arborizatioQa  of  extreme  complexity,  producing  neete  or  terminal  has- 
kets  about  the  bodies  of  the  small  and  medimn-sized  pyramidal  cells 
(F^.  26,  J").  Possibly  this  type,  which  I  take  to  be  a  variety  of  the 
common  bipanicled  cell,  is  present  over  the  whole  cortex ;  bat  as  yet  I 
have  snoceeded  in  finding  it  only  in  the  motor  convolutions  of  the  infant 
at  over  one  month  of  age. 

S.  Soperfldal  Layer  of  Oiaut  Pyramids.  —  Being  a  continuation  by 
imperceptible  gradations  of  the  above,  this  layer  contains  the  well-known 
la^^  pyramids  of  the  writers.  In  addition  to  the  observations  of  Betz, 
Lewis,  Golgi,  and  myself,  however,  I  must  add  a  single  detail  to  their 
classical  description.  The  radial  process  varies  greatly  as  to  the  extent 
of  surface  it  covers  in  the  plexiform  layer.  When  its  dendrites  most 
cover  a  large  stuiace,  the  trunk  forks  near  the  cell,  and  the  two  trunks, 
deviating  at  an  acute  angle,  ascend  to  give  rise  to  two  or  more  terminal 
sprays,  in  some  oases  at  considerable  distances  apart.  This  amounts  to 
sayii^  that  oertain  medium-sized  and  large  pyramids  stand  related  to  a 
large  number  of  nerve  fibres  in  the  1st  layer,  while  other  cells  of  the  same 
size  have  more  limited  connections  C^ig-  24). 

In  gyrencephalous  mammals,  dog  and  oat,  the  superficial  large  pyra- 
mids are  smaller  than  in  the  infant.  They  might  be  considered  as  a  sub- 
ordinate element  in  the  layer  of  medium-sized  pyramids.  Most  frequently 
the  only  giant  pyramids  in  the  oat  oocur  below  the  granular  layer,  —  a 
layer  which,  I  may  add,  is  very  slightly  developed  in  this  animal,  being 
often  blended  with  the  layer  of  medium-sized  pyramids. 

The  number  of  superficial,  medium-sized,  and  giant  pyramids  is  very 
large  in  the  motor  area  both  in  ftnimala  and  man ;  and  this  is  one  of  its 
characteristic  features.  However,  the  regions  des^nated  by  Flechsig  as 
association  centres  possess  also  a  notable  number  of  large  pyramids. 
From  this  feature  alone  it  would  be  quite  difficult  to  distinguish  the 
frontal  and  parietal  from  the  motor  convolutions. 

The  axon  of  the  lat^  and  mediiim-sized  pyramids  descends,  as  is  well 
known,  to  the  white  matter  and  is  continued  as  one  or  two  nerve  fibres. 
I  must  call  special  attention  to  the  fact  that,  as  shown  by  my  own 
researches,  this  fibre  may  fork  usually  into  a  fine  branch  which  goes, 
probably,  to  the  corpus  callosum  and  a  larger  branch  to  the  corpus  stria- 
tum.   This  may  be  easily  observed  in  the  brain  of  a  newborn  mouse  or 
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m  one  a  few  days  old.  It  may  also  be  seen  that  the  fibre  entering  the 
corona  radiata  passes  beyond  the  corpus  striatum,  giving  off  to  it  a  few 
collaterals.  It  is  thus  well  established  that  the  axon  of  the  large  pyra- 
mids is  true  projection  fibre  which  takes  part  in  forming  the  pyramidal 
tract.  Bat  we  must  be  on  our  guard  about  accepting  the  view  of  certain 
writers,  —  v.  Monakow,  for  example,  —  who  ascribe  this  role,  participa- 
tion in  the  motor  tract,  exclusively  to  the  giant  pyramids,  because  I  have 
demonstrated  beyond  all  doubt,  in  the  motor  region  of  the  mouse  and 
rabbit,  that  a  number  of  the  axons  of  medium-sized  pyramids  and  many 
from  polymorphic  cells  also  penetrate  the  corpus  striatum.  I  therefore 
consider  aa  wholly  arbitrary  all  the  opinions  which  tend  to  attribute  an 
exclusive  function  to  elements  in  each  distinct  cortdcal  layer.  In  the  cor- 
tical layers,  as  weU  as  in  the  ventral  horn  of  the  spinal  cord,  there  occur 
farther  elements  with  axons  of  very  diverse  character  and  connections. 
The  motor  cell  takes  its  place  beside  the  associstional  cell  sk>ng  with  the 
element  whose  axon  or  collateral  goes  to  the  corpns  calloaum.  There 
are,  accordingly,  in  the  cortex  no  "  sensoiy  layers"  nor  "motor  layers" ; 
because,  as  we  shall  see  in  a  moment,  the  great  majority  of  the  oella 
are  related,  either  by  their  cell  bodies  or  by  their  radial  trunks,  to  tiie 
plexus  of  sensory  fibres.  We  find  thus  reprodooed  tiie  arrangement  of 
the  spinal  cord,  where  all  the  cells,  or  almost  all,  come  into  contact  with 
aensory  fibres  of  the  first  or  second  order,  and  all  represent  links  in  the 
chain  of  reflex  connections. 

4.  Layer  of  Small  Stellate  Cells  (^QramOar  Layer  cf  the  Avthon). — 
Stained  by  Nissl's  method  the  layer  of  small  stellate  cells  appears  as  a 
great  number  of  nuclei  surrounded  with  little  protoplasm  which  contains 
a  few  fine  granules  of  chromatin  (Figs.  28,  6,  and^,  6).  Most  of  these 
elements,  the  granules  proper,  are  very  small  and  globular  or  stellate  in 
form.  Others,  I  have  observed,  are  comparable  to  small  pyramids,  being 
of  triangular  form  and  having  a  fine  radial  trunk.  Nor  is  there  any 
lack  of  stellate  or  fusiform  cells  of  considerable  size,  which  call  to  mind 
those  of  the  visual  cortex.  All  these  elements  appear  to  be  mingled. 
However,  in  certain  places  I  tboi^ht  I  could  discover  that  the  small 
globular  cells  are  situated  chiefly  in  the  external  plane  of  the  layer,  while 
the  minute  pyramids  were  more  numerous  in  the  deeper  levels,  but  there 
are  exceptions  to  this. 

But  NisBl'a  method  does  not  enable  us  to  study  the  fine  processes  of 
these  elements.     To  this  end  we  must  have  recourse  to  the  obromate 
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of  silver  method,  and  by  its  application  ■ —  especially  in  case  of  an  infant 
fifteen  to  thirty  daya  old,  a  time  at  which  the  reaction  is  easily  obtained  — 
I  have  been  able  to  demonstrate  ^e  extreme  complexity  of  the  grannlar 
layer.  Good  preparations  show  that  it  consists  of  elements  with  very 
diverse  characters,  which  in  spite  of  their  minor  diEEerences  may  be 
classed  into  two  groups :  (1)  cells  with  long  axons  which  extend  down 
to  the  white  matter;  (2)  cells  with  short  axons  which  end  within  the 
granular  layer  or  in  layers  above  it. 

Cell*  vtith  LoTig  Axona.  —  These  may  be  classed  into  two  varieties, 
small  pyramidal  cells  and  medium-sized  stellate  cells. 

(ay  The  small  pyramid  is  specially  numerous  in  the  deep  level  of  the 
4th  layer  (Fig.  26,  A,  M).  It  has  been  figured  by  various  writers, 
notably  by  K6lliker,  although  even  he  does  not  give  us  any  information 
on  the  character  of  its  axon.  The  cells  are  ovoid-pyramidal  in  form. 
They  possess  a  radial  trunk  which  extends  up  to  the  plexiform  layer, 
where  it  ends  in  a  few  very  slender  varicose  tw^  without  contact 
granules.  It  also  has  a  few  tiny  descending  or  oblique  dendrites  which 
divide  repeatedly.  Finally,  I  have  very  often  traced  its  axon  to  the  white 
matter,  in  which  it  is  continued  as  a  slender  medullated  fibre.  From 
its  initial  portion  arise  two,  three,  or  four  collaterals,  some  of  which  curve 
upward  to  distribute  themselves  through  the  4th  layer.  In  some  cases 
the  diameter  of  these  collaterals  is  so  large,  compared  with  that  of  the 
axon,  that  they  might  be  considered  the  real  axons. 

(b)  Stellate  Cells.  Very  hard  to  st^n,  and  possibly  quite  scarce.  Their 
dendrites  arise  from  the  angles  of  the  cell  body  and  run  in  aU  directions, 
but  are  distributed  exclusively  to  the  4th  layer  (Fig.  26,  D).  Their  axons 
spring  from  the  inferior  suifoce,  descend  almost  in  a  straight  line,  and, 
after  giving  off  a  few  lai^  collaterals,  very  freqiiently  arched  and  re- 
current, are  lost  in  the  white  matter.  These  interesting  cells,  exactiy 
similar  to  the  stellate  cells  of  the  visual  cortex,  are  also  found  in  the 
motor  cortex  of  gyrencephalous  mammals,  although,  to  judge  from  my 
own  preparations,  only  in  small  numbers.  Their  presence  would  seem 
to  indicate  distinctively  sensory  regions  of  the  brain. 

Element*  with  Short  Axon*. — These  are  also  very  numerous  in  the 
infant  brain,  representing,  perhaps,  the  chief  morphological  factor  of  the 
4th  layer.  Several  varieties  have  been  distinguished,  of  which  the  most 
common  are  the  followii^  :  — 

(d)  Stellate  or  Fusiform  Cells  of  Medium  Size.     Their  dendrites 
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diverge  in  all  directiona,  but  chiefly  above  and  below,  and  end  in  the 
midst  of  the  4th  layer.  Their  axon  springs  from  the  superior  surface, 
ascends  for  a  variable  distance,  and  at  varying  levels  of  the  layer  of  Bt^- 


fm.  S6.— Calk  with  long  axons  from  4tti  lAysr  of  b 
A,B,C,waaIl  p7nuiild«l  Mils;  D,latg»  KeUate  otU;  E,ti 
itagt  daacendlng  ooUater&U. 


late  cells  forms  an  arborization  of  horizontal  or  oblique  branches  of  con- 
siderable length  and  distributed  exclusively  to  the  4th  layer.  Very 
often  the  axon  branches  in  the  form  of  a  T  before  proceeding  to  ite  ter- 
minal arborization,  and  from  its  initial  part  arise  collaterals  whose  course 
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and  tenninatioiia  resemble  those  of  the  terminal  branches.     These  cells, 

we  may  add,  correspond  in  all  points  to  the  cells  with  asoendiag  axons 

described  for  the  4th  and  5th  layers  of  the  visoal  oortex  (Fig.  27,  A,  C,  J)}. 

(by  Fosifonn,  Triangular,  or  Stellate  Cells.      These  are  somewhat 


Fio.  37.  —Oil*  with  (bolt  KZDiu  fiom  4th  ]*j»r  of  motoi  cortaz  of  Inlsnt.  A.B.C,  ooUi,  staU 
1M«  or  fnaUomi,  with  ue«Ddliig  &xon  dlTided  Into  long  horlioEitkl  bnoohee ;  X,  &rachnifonn  osll; 
F,  cell  with  azxui  dlatrlbnled  to  Imyer  ol  medlnm-ilxad  pyrkmids. 

larger  than  the  preceding.  Their  axon  ascends  to  the  plexiform  layer, 
in  which  it  subdivides  and  terminates.  In  its  ascent  it  supplies  a  few 
collaterals  to  the  4th  and  3d  layers.  These  elements,  as  we  see,  corre- 
spond to  the  so-called  cells  of  Martinotti.  In  a  few  cells  of  this  class 
the  axon  possibly  does  not  reach  the  first  layer,  becoming  lost  in  the 
layers  below  (Fig.  27,  A). 
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(«)  Small  Stellate  or  Spider-shaped  Cells.  These  possess  fine  and 
richly  subdivided  dendrites  and  also  a  nenrite,  which  fomts  a  very  rich 
arborization  close  to  the  cell  (Fig.  27,  J?}. 

({2)  Bipanicled  Cells.  These  have  the  chaiaoteristios  already  de- 
scribed in  our  study  of  the  visual  cortex. 

(e)  Finally,  in  the  cat  and  dog  I  have  found  a  few  stellate  cells 
with  very  numerous  dendrites,  whose  descending  neurite  forms  a  very 
dense  and  complicated  arborization,  for  the  moat  part  in  the  4th  layer, 
but  in  some  cases  extending  down  to  the  deep  layer  of  giant  pyramids. 
Possibly  these  cells  are  homologous  to  the  spider-shaped  cells  in  man, 
which  they  resemble  in  the  extraordinary  richness  of  the  plexus  formed 
by  the  axon.  It  would  then  be  necessary  to  suppose,  however,  that  in 
the  cat  and  d<^  these  cells  are  much  larger  than  in  man. 

In  order  to  complete  my  description,  permit  me  to  add  that  there  is 
no  lack  of  ordinary  pyramidal  cells,  in  some  cases  large,  scattered  irregu- 
larly in  the  4th  layer  (Fig.  26,  £).  In  mammals  like  the  cat  and  d<^, 
and  to  a  much  greater  degree  in  the  rabbit,  the  profusion  of  pyramidal 
cells  obscures  our  picture  of  the  granular  layer. 

Sensory  Nerve  Plexut  of  ^  4th  Layer.  —  One  of  the  most  significant 
facts  which  I  have  discovered  in  the  motor  cortex  is  a  plexus  of  very 
large  fibres  whose  numerous  subdivisions  occupy  the  4tii  layer  and 
extend  even  into  the  2d  and  Sd.  They  probably  enter  the  cortex  from 
the  corona  radiata.  As  early  as  in  my  first  work  I  called  attention  to 
these  fibres  as  being  different  in  diameter,  direction,  and  origin  from 
axons  of  pyramidal  cells,  bat  at  that  time  I  had  not  succeeded  in  deter- 
mining the  region  to  which  they  are  peculiar  or  the  precise  place  of  their 
termination  in  the  cortex.  My  recent  researches  upon  the  brain  of  man 
and  also  small  mammals  enable  me  to  add  a  few  details  to  my  description 
of  some  years  ago  (Fig.  28). 

First  of  all,  I  have  been  able  to  determine  exactly  their  origin  and 
position  in  the  brain.  These  are  both  easy  to  observe  in  the  brain  of  a 
rabbit  at  birth  and  still  better  in  that  of  a  mouse  a  few  days  old.  In  the 
mouse  it  may  be  seen  especially  well  that  certain  large  fibres  (called  by 
EoUiker,  who  has  confirmed  their  existence,  fibres  of  Cajal)  proceed  from 
the  corpus  striatum,  enter  the  white  matter,  and  often  extend  horizon- 
tally in  it  for  great  distances.  In  their  course  they  throw  oCf  long  col- 
laterals, which  penetrate  into  the  overlying  gray  matter.  All  these 
collaterals,  as  well  as  finally  the  original  axon  itself,  ascend  through  the 
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Fio.  38.— PtvEiHolbMTTMiuorrflbTM  from  mococ  ooruz  ol  oftt  38  dmyi  Old.  ^,  plexlIonB 
t»fei ;  B,  Ikyai  of  unftll  and  medlBm-alzad  pTramlds ;  C  uid  D,  lay  en  ot  grannleB  and  ■apetfidal 
Uyerof  giant  pynunldsj  £,  deep  layer  of  giant  pyramids ;  F,  layer  ot  polymorphic  Mil*;  a,  flbr« 
bom  whits  matter ;  b,  aacandlng  eollKteral;  e,  varicose  terminal  arboiitatlon;  d,  fibre  directed  to 
the  jdezlform  layer,  which  appears  to  be  distinct  from  th«  large  fibres. 
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polymorphic  layer,  diyiding  once  or  twice,  then,  passing  obliquely  through 
interrening  layers,  form  an  arborization  of  heary  fibres  within  the  layers 
of  small,  medium-sized,  and  large  pyramidal  cells.  However,  in  the  rat 
and  rabbit  these  br&nches  are  most  numerous  in  a  relatively  superficial 
plane,  which  corresponds  probably  with  the  granular  layer  of  the  himian 
brain,  —  a  layer  that  is  not  differentiated  in  the  small  mammals.  We 
also  find  a  relatively  small  number  of  branches  that  ascend  to  the 
pleziform  layer.  As  to  the  cortical  distribution  of  this  plexus,  we 
may  also  place  on  record  a  fact  of  interest.  It  never  covers  the  whole 
cortex.  It  begins  to  appear  some  distance  from  the  median  fissure  and 
disappears  below  long  before  reaching  the  olfactory  area  or  limbic  lobe. 
I  have  never  observed  it  in  the  cortex  of  thia  sulcus,  nor  in  the  anterior 
portion  of  the  frontal  lobe,  nor  even  in  the  region  of  the  auditory  or 
visual  centres. 

I  shall  return  to  this  matter  in  a  future  invest^tion,  for  I  think  it 
merits  most  thorough  atady ;  because,  if  it  can  be  confirmed  in  a  positive 
manner  and  by  other  methods,  we  shall  possess  a  criterion  by  which  to 
distinguish  between  areas  of  association  and  projection  in  the  cortex. 
The  projection  areas  wiU  probably  be  found  to  be  not,  as  Fleohsig  thinks, 
those  possessing  fibres  that  go  to  the  corpus  striatum  (since  Dejerine 
and  others  have  discovered  these  fibres  in  the  so-called  association 
centres)  but  those  receiving  sensory  fibres.  At  the  same  time,  the 
association  centres  will  be  characterized  by  the  absence  of  these  direct 
sensory  connections.  At  any  rate,  I  believe  that  even  in  the  brain  of  the 
smallest  mammal  there  are  areas,  of  small  extent  it  may  be,  specialized 
to  store  up  the  images  or  residues  of  the  sensory  projection  centres.  It 
would  be  most  astounding  if  the  brains  of  the  small  manmuds  possessed 
.  a  different  architecture  from  that  of  man,  taking  into  consideration  the 
fact  that  all  the  senses  have  the  same  essential  structure  in  all  mammals 
and  that  memory  —  visual,  tactile,  muscular,  etc.  —  is  just  as  necessary  to 
their  lives  as  to  our  own. 

The  sensory  plexus  is  highly  developed  in  gyrencephalouB  mammals 
and  in  man.  I  have  found  it  well  impregnated  in  the  brains  of  infants 
at  birth  and  a  few  days  old.  Here  it  appears  made  up  of  large  fibres 
having  an  oblique  direction  and  a  flexuous  or  even  staircased  course. 
After  dividing  several  times  in  the  6th  and  6th  layers  they  give  rise  to  a 
singularly  extended  arborization  of  horizontal  fibres  distributed  chiefly 
to  the  layer  of  grantdes  or  small  stellate  cells.     We  thus  see  in  the  motor 
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cortex,  u  was  the  case  in  the  visual,  that  the  layer  of  granules  is  the 
principal  focus  of  sensoiy  impressions.  From  this  terminus  thej  are 
propagated  by  the  numberless  ceUs  with  short  ascending  axons  to  the 
layers  above  and  especially  to  the  medinm-sized  and  giant  pyramida. 
However,  it  must  be  acknowledged  that  iha  sensory  plexus  is  not  so 
narrow  and  well  defined  as  the  optic.  For,  although  its  greatest  density 
occurs  in  the  4th  layer,  its  terminal  branches  divide  in  their  ascent 
to  the  superficial  layer  of  medium-sized  and  giant  pyramids.  The  fibres 
which  extend  up  to  the  small  pyramids  in  man  are  not  numerous.  It  is 
for  this  reason  that  I  cannot  i^ree  with  Bevan  Lewis  in  ascribing  to 
them  sensory  functions.  I  do  not  wish  to  be  understood  to  deny  the 
sensory  function  of  the  small  and  medium-^sized  pryamids.  Accordii^  to 
my  view,  all  tiie  cells  of  the  motor  cortex  are  sensory  becaiise  they  all, 
possibly,  come  into  contact  either  directly  (cells  of  the  Sd,  4th,  and 
5th  layers)  or  indirectiy,  through  the  intervention  of  cells  with  short 
axons,  with  sensory  terminal  arborizations.  But,  since  some  cells  send 
their  axons  to  the  pyramidal  tracts,  we  are  able  to  distinguish  them 
as  tensori-motor  celU  of  the  firit  order.  The  others,  which  send  their 
neurites  to  other  motor  areas  of  the  brain,  possibly  effect  contact  with 
senaori-motor  cells  of  the  first  order  located  elsewhere.  These  cells  of 
indirect  sensori-motor  communication  we  may  be  warranted  in  calling 
tentori-motor  eell»  of  the  aeeond  order.  It  goes  without  saying  that  this 
distinction  is  purely  hypothetical ;  for  no  method  enables  us  to  determine 
the  precise  point  within  the  brain  where  the  axons  of  the  pyramidal  tracts 
of  the  corpus  calloenm  or  of  bands  of  association  fibres  form  their  terminal 
arborizations. 

6.  Layer  of  theOIant  and  Keditun-Bized  Pyramids. —  In  the  adult 
human  brain  stained  by  Nissl's  method,  a  section  of  the  motor  cortex 
reveals,  below  the  granular  layer,  a  layer  of  plexiform  or  granular  aspect 
filled  very  thickly,  but  in  no  particular  order,  with  a  few  giant  and  a 
great  number  of  medium-sized  pyramids  (Fig.  29). 

Usually  the  giant  pyramids  are  located  near  the  4th  layer,  forming 
there  a  few  irregular  ranks.  Impregnated  by  Golgi's  method,  they 
appear  similar  to  the  same  cells  in  other  regions  of  the  cortex,  but  differ 
in  a  few  particulars.  The  body  is  generally  conical,  very  much  elon- 
gated, giving  rise  at  the  apex  to  a  lai^  trunk,  often  dividing  near  the 
cell,  which  terminates  in  the  1st  layer  in  the  usual  manner.  A  group 
of  long  complicated  dendrites  diverges  from  its  base,  and  from  the  sides 
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spring  several  very  long  horizontal  processes  which  subdivide  into  ter- 
minal brushes,  and  these,  intertwining  with  similar  structures  from 
neighboring  cells  of  the  same  level,  form  a  dense  and  very  characteristie 


protoplasmic  plexus.  It  lb  the  same  arrangement  we  already  know  so 
well  in  the  visual  cortex,  except  that,  instead  of  one  plexus,  there  are 
many.  The  axon  is  large  and,  after  giving  off  very  long  collater^  to 
the  6th  and  6th  layers,  it  passes  on  to  become  a  medullated  fibre  of  the 
white  matter. 

The  medium-sized  pyramids  are  very  numerous,  mnch  scattered,  and 
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occur  in  greatest  profusion  in  the  lower  levels  of  the  layer.  They  do 
not  difier  in  character  from  the  giant  pyramids,  except  as  to  the  lateral 
somatic  dendrites,  which  are  few  aad  not  characteristic. 

Besides  the  pyramidal  cells  the  5th  layer  contains  a  few  other  kinds 
of  elements.  From  the  point  of  view  of  their  morphology  the  following 
are  the  more  striking  types. 

(a)  Celli  which  form  Terminal  Neata. — These  cells,  very  similar  to 
those  which  give  rise  to  the  basket  fibres  of  the  cerebellum,  are  most 
numerous  in  the  5th  layer  between  or  below  the  giant  pyramids.  I  have 
found  them  also  in  the  layer  of  granules  or  small  stellate  cells. 

Their  volume  is  small,  similar  to  that  of  a  small  pyramid,  and  in  form 
they  appear  stellate  or  triangular  with  very  long  and  much-branched 
varicose  dendrites.  The  nearite,  however,  presents  the  most  distinctive 
feature.  It  ascends,  forking  close  to  its  origin,  and  breaks  up  into  a 
ramificatioa  of  very  many  branches,  ascending,  oblique,  or  horizontal. 
After  a  few  subdivisions,  all  these  branches  make  their  way  to  the  giant 
and  medium-sized  pyramids  to  form  very  complicated  varicose  arboriza- 
tions close  around  their  cell  bodies  and  principal  processes,  after  the 
manner  of  the  terminal  baskets  of  the  cerebellum  or  the  nests  found  in 
Deiter's  nucleus.  E^h  nest  contains  arborizations  from  several  cells,  and 
each  basket  cell  helps  to  form  a  large  number  of  nests  C^ig-  SO,  <f). 

(()  CeUa  mth  a  IHffutely  Branched  Ascending  Axon This  is  a 

fusiform  or  stellate  cell  located  at  different  levels  of  the  5th  layer,  to 
which  it  sends  its  dendrites.  The  axon  ascends  to  the  superior  limits  of 
the  layer  where  it  forks,  and  its  terminal  branches  form  a  loose  horizon- 
tal arborization  of  an  enormous  extent  and  connected  probably  with  the 
deep  giant  pyramids  C^'S-  ^^i  ^'  ^)- 

(c)  SmaU  Pyramide  with  Arched  Azona. — This  cell,  which  I  have 
studied  particularly  in  the  motor  cortex  of  the  oat,  is  entirely  similar  to 
the  element  which  we  found  in  the  6th  and  7th  layers  of  the  visual 
cortex.  The  cells  possess  a  fine  dendrite  which  ascends  to  t^e  first  layer, 
where  it  ends  in  a  very  modest  and  delicate  arborization.  Their  axon 
descends  and,  after  giving  off  a  few  relatively  long  recurrent  collaterals, 
appears  to  fork  and  end  in  the  midst  of  the  5th  layer.  The  branches 
which  spring  from  the  bend  of  the  arch  descend  in  some  cases,  but  I  have 
not  been  able  to  trace  them  down  to  the  white  matter. 

(d}  Celh  with  Long  Atcending  Axon. — These  are  fusiform  or  tri- 
angular cells  with  long  polar  dendrites  which  never  reach  the  first  layer. 
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Their  axon  arises  from  the  superior  surface  of  the  cell,  and,  after  giving 
off  a  few  branches  to  the  dth  and  4th  layers,  it  continues  its  ascent  to  the 
pleziform  Uyei  and  there  makes  its  terminal  arborization. 

6.  Layer  of  Polymorphic  Cdls.  -^  This  layer  contains  the  same  elements 
as  the  layer  of  the  same  name  (dth)  in  the  visual  cortex  (Fig.  81),  that 


Fia.BO.  — PerieeUnlu  tennlul  uboiintloiia  from  tba  deap  \».jer  ot  gUnt  pymnldi,  motor 
oortsx  (uoaitdliiK  IrouUl  oouTolntiou)  of  Infant  agad  25  dayi.  a,  axou  glTlng  riae  to  obllqm 
audboiliontalbnneliw;  b,  e,  d,  t«niiliial  neata. 

is  to  say,  fusiform  cells  with  two  long  polar  dendrites,  triangular  cells,  and 
true  pyramids.  Their  axons  all  go  to  the  white  matter.  Their  ascend- 
ing trunks,  which  are  never  lacking,  become  very  attenuated  on  account 
of  the  branches  given  off  while  passing  throi^h  the  4th  layer  and  reach 
the  Ist  layer  as  an  exceedingly  delicate  fibril,  which  ends  in  a  fine, 
slightly  extended,  notably  varicose  dendritic  spray. 

In  Fig.  31, 1  have  reproduced  the  principal  types  of  cells  found  in  the 
polymorphic  layer.  Besides  the  medium-sized  pyramidal  and  triangular 
types  having  long  descending  axons  (Fig.  81,  A,  B),  there  occur  other 
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fonnB  in  great  numbers.     These  are  fusiform  or  triangolar  cells  whose 
axons  penetrate  into  the  superposed  layers,  furnishing  to  them  a  great 

) 

K 


Fio.  n.  -Prineip*!  typM  of  polTnocpbio  oalla  from  motoi  oortw  of  Inf ut  »g«d  90  d»;i.  A,  B, 
MlU  wltli  long  azona  flztwidliig  to  vhita  mftttot  i  g,  -D,  J.  InBUonn  oell»  Trith  Moandlng  ««iii  j  H, 
glut  iMUata  Mil. 

number  of  branches.     Some  of  these  axons  seem  to  end  in  the  deep  layer 
of  giant  pyramids,  but  others  appear  to  passlwyond  this.     Finally,  there 
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is  no  lack  of  aiaohnifonn  oella  (Fig.  81,  7),  cells  with  short  axon  of  the 
sensory  type  of  Clolgi,  whose  axons  form  terminal  arborizations  in  the 
layer  under  consideration.  I  may  add  that  I  have  found  in  two  cases 
giant  stellate  cells  with  heavy  horizontal  axon  which  gives  off  collaterals 
(Fig.  8X,  S").  I  do  not  know  the  ultimate  fate  of  this  process  and  am 
unable  to  say  whether  these  scattering  cells  form  a  constant  feature  of  the 
motor  cortex. 

CoBTBX  OF  AcousTio,  Olfaotoey,  akd  Assooiatiokai.  Aebab. 

Unfortnnately,  my  own  researches  are  not  as  yet  in  a  very  advanced 
state  in  regard  to  these  important  cortical  centres.  So  that  any  in- 
formaUon  that  I  can  give  must  necessarily  be  fragmentary  and  of  little 
value. 

The  acoustic  resembles  exactly  the  motor  cortex  as  to  general 
arrangement  of  cells  and  layers,  but  difEers  from  it  in  a  few  pecu- 
liarities :  (1)  by  the  fineness  of  the  fibres  forming  ihe  plexus  at  Hie  level 
of  the  layer  of  granules  or  small  stellate  cells ;  (2)  in  the  profusion  of 
bipanicled  cells  with  their  very  delicate  and  complicated  neuritic  brushes ; 
(3)  above  all,  by  the  presence  of  certain  special  oella  scattered  irregularly 
through  the  entire  thickness  of  the  cortex.  The  very  large  axon  of  these 
special  cells  extends  in  a  horizontal  or  oblique  direction,  but  I  have  not 
yet  been  able  to  determine  exactly  ita  manner  of  termination.  These 
large  cells  are  fusiform  and  lie  horizontally.  From  their  polar  dendrites 
spring  a  number  of  fine  ascending  branches,  which  subdivide  repeatedly 
bat  do  not  extend  up  as  far  as  the  plexiform  layer. 

The  olfactory  cortex,  that  of  the  limbic  lobe,  is  characterized  by  the 
following  peculiarities :  (1)  the  enormous  development  of  the  plexiform 
layer  and  the  presence  in  it,  in  addition  to  its  usual  structures,  of  the 
aotero-posterior  fibres  that  come  from  the  external  root  of  the  olfactory 
tract ;  (2)  the  absence  of  the  layers  of  small  pyramids  and  granules ; 
(8)  the  presence  of  certain  large  horizontal  cells  below  the  plexiform 
layer ;  (4)  the  peculiar  form  of  the  medium-  and  large-sized  pyramids 
which  emit  from  the  deep  end  of  the  cell  body  a  brush  consisting  of 
numerous  much  subdivided  dendrites ;  (6)  above  all,  the  fact  that  the 
sensory  plexus,  %.e.  the  fibres  which  come  from  the  olfactory  bulb,  makes 
its  terminal  arborization  exclusively  in  the  plexiform  layer  and  in  the 
most  superficial  portion  of  that  layer,  corresponding  to  that  of  the  small 
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pyramids.  This  significant  fact,  brought  to  light  by  the  studies  of 
Calleja,  shows  us  that  the  sensory  fibres  do  not  end  in  the  same  level 
of  the  cortex  in  all  regions.  Hence,  the  layer  specialized  to  serve  as 
substratum  for  the  phenomena  of  sensation  may  change  its  position  in 
different  sensoiy  areas. 

Our  task  is  now  drawing  to  its  close.  My  work  upon  the  topo- 
graphical structure  of  the  cortex  baa  been  fragmentary  and  leaves 
muck  to  be  desired.  Many  things,  in  fact,  are  still  undiscovered.  But, 
despite  the  very  incomplete  state  of  my  researches  and  the  narrow 
limits  of  the  field  they  cover,  I  may  draw  a  few  anatomico-physiological 
conclosions,  of  which  the  chief  are  the  following :  — 

And  first,  as  to  the  hierarchy  of  centres  in  the  cortex  of  the  human 
brain,  comparing  it  with  the  mftmtnftliAn  brain,  we  may  call  to  mind  that, 
while  it  does  not  contain  wholly  new  elements,  it  presents  very  distinc- 
tive obaracteristios,  to  wit :  — 

1.  The  enormous  development  of  the  horizontal  cells  at  the  plexi- 
form  layer  and  the  considerable  let^th  of  their  so-called  tangential 
fibres. 

2.  The  great  abundance  of  cells  with  short  axons  scattered  through- 
out the  whole  cortex,  oells  which  form  special  varieties  by  reason  of 
differences  in  their  forms  and  the  directions  of  their  axons. 

8.  The  presence  of  cells  with  short  axons,  very  slender  (bipanicled 
spider  oells),  with  terminal  arborizations  whose  delicacy  is  not  approached 
by  anything  found  in  any  animal. 

4.  The  considerable  development  of  basilar  dendrites  of  the  pytsm- 
idal  cells. 

5.  The  presence  among  the  mid-layers  of  the  cortex  of  a  formation 
of  so-called  granular  cells,  a  kind  of  focus  occupied  by  enormous  num- 
bers of  pyramids  with  short  axons  descending,  arched,  and  ascending. 
This  granular  formation  is  present  in  gyrencephalous  mammals,  but  in 
them  it  is  very  poor  in  cells  with  short  axons  and  in  small  pyramids. 
In  the  smooth-brained  animals  it  is  almost  wholly  lacking. 

The  human  cortex  has  evolved,  accordingly,  along  three  different 
lines:  by  multiplying  cells  with  loi^  axons  and,  above  all,  those  with 
short  ucons ;  by  decreasing  the  volume  of  cells  and  the  diameter  of  cer- 
tain fibres  in  order  to  make  possible  within  the  limits  of  space  a  deli- 
cate and  greatly  improved  organization ;  finally,  by  varying  and  infinitely 
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complioatiDg  the  external  morphology  of  the  nerve  elements,  undoubt- 
edly with  the  purpose  of  multiplying,  in  coTrespoudenoe  with  their 
complexity,  functional  associations  of  all  kinds. 

As  to  differences  and  analogies  in  regional  stractore,  the  following 
propositions  may  be  regarded  as  established :  — 

1.  The  Bensory  as  well  as  the  so-called  associational  areas  are  mode 
up  by  a  combination  of  two  orders  of  structural  factors.  The  first 
order  consists  of  common  factors,  which  show  very  little  modification. 
They  are  represented  by  the  plexiform  layers  and  the  layers  of  pyram- 
idal and  polymorphic  cells.  The  second  order  comprises  special  fac- 
tors,  structures  peculiar  to  each  cortical  area.  Their  chief  anatomical 
feature  resides  especially  in  the  granular  layer  and  is  related  mainly 
to  the  presence  of  particular  centripetal  fibres  and  of  special  types  of 
cells  with  long  axons  (stellate  cells  of  different  kinds). 

2.  It  seems  probable  that  the  common  factors  perform  functions  of 
a  general  order  concerned,  possibly,  with  ideas  of  representations  of 
all  kinds  of  movements  related  to  the  special  sensations  of  which  the 
cortical  region  is  the  seat.  It  seems  also  probable  that  the  special 
anatomical  factors  of  the  sensory  areas  perform  the  function  of  elab- 
orating specific  sensations  (sensation  of  seeing,  hearing,  etc.)  and  aiao 
of  conveying  sensory  residues  to  the  so-called  association  centres,  where 
they  may  be  transformed  into  latent  images. 

8.  Each  sensory  cortical  centre  receives  a  special  category  of  nerve 
fibres  (fibres  of  central  sensory  tracts).  Their  cells  of  origin,  as  has  been 
shown  by  the  researches  of  v.  Monakow,  Flechsig,  v.  Bechterew,  and 
many  others,  reside  in  the  particular  nuclei  of  the  medulla,  corpora  quad- 
rigemina,  and  optic  thalami.  It  is  precisely  the  presence  of  these  sen- 
sory fibres  of  the  second  order  that  constitutes  the  prime  anatomical 
characteristic  of  the  centres  of  sensation  or  projection. 

4.  The  absence  of  these  sensory  fibres,  which  come  from  the  corona 
radiata,  may  be  used  in  all  mammals  to  distinguish  the  so-called  associ- 
ation centres.  These  centres,  which  exist  even  in  the  mouse,  also  have  a 
nerve  fibre  plexus  distributed  among  their  median  layers  (layer  of  gnm- 
ules  in  the  association  areas  in  man).  The  fibres,  however,  which  consti- 
tute them  are  very  fine  and  appear  to  come  from  sensory  centres  of  the 
brun.  Possibly  the  cells  about  which  these  seneorio-ideational  fibres 
terminate  represent  the  substratum  or,  at  any  rate,  the  first  link  in  the 
chain  of  nerve  elements  whose  function  is  the  representation  of  ideas. 
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6.  Sinoe  we  haTe  seen  that  each  afferent  fibre  in  the  sensory  cortex 
comes  into  contact  with  an  extraordinary  number  of  nerve  cells  appar- 
ently scattered  without  any  order,  we  must  suspect  that  these  relations 
conform  to  the  preconceived  design  of  a  well-determined  and  constant 
oi^nization. 

As,  at  present,  it  seema  to  be  impossible  to  discover  these  relations, 
WB  may  surmise  that  each  sensory  fibre  comes  into  contact,  directly  or 
through  other  cells,  solely  with  those  pyramids  whose  stimulation  is  nec- 
essary in  order  to  effect,  after  the  manner  of  the  reflex  arc,  movements 
coordinated  and  intentional.  We  may  also  surmise  (supposing  that  the 
stellate  cells  of  the  tactile  and  visual  cortex  form  the  link  between  the 
aensory  and  ideational  centres)  that  each  sensory  afferent  fibre,  bringing 
a  unit  of  sensation  (the  impression  received  by  a  cone  of  the  retina  or  by 
the  terminal  arborization  of  any  peripheral  nerve  fibre),  enters  into  rela- 
tion exclusively  with  the  group  of  nerve  cells  entrusted  with  the  func- 
tion of  conveying  this  impression  to  a  particular  point  in  the  associational 
cortex. 

Many  other  hypotheses  are  possible,  but  I  must  conclude  for  fear  of 
tiring  your  kind  and  sympathetic  attention  and  exhausting  your  patience. 
I  fear  tiiat  I  have  already  made  too  free  use  of  hypotheses  and  have  pre- 
tended to  fill  the  gaps  of  possible  observations  witii' arbitrary  supposi- 
tions. 

It  ig  a  role  of  wisdom,  and  of  nice  scientifio  prudence  as  well,  not  to 
theorize  before  completing  the  observation  of  facts.  But  who  is  so 
master  of  himself  as  to  be  able  to  wait  calmly  in  the  midst  of  darkness 
until  the  break  of  dawn  ?  Who  can  tarry  pnidentiy  until  the  epoch  of 
the  perfection  of  truth  (unhappily  as  yet  very  far  off)  shall  come  ?  Such 
impatience  may  find  its  justification  in  the  shortness  of  human  life  and 
also  in  the  supreme  necessity  of  dominating,  as  soon  as  possible,  the  phe- 
nomena of  ttte  external  and  internal  worlds.  But  reality  is  infinite  and 
our  intelligence  finite.  Nature  and  especially  the  phenomena  of  life  show 
us  everywhere  comi^cations,  which  we  pretend  to  remove  by  the  false 
mirage  of  our  simple  formulse,  heedless  of  the  fact  that  the  simplicity 
is  not  in  nature  but  in  ourselves. 

It  is  this  limitation  of  our  faculties  tiiat  impels  ua  continually  to 
forge  simple  hypotiieses  made  to  fit,  by  mutilating  it,  tiie  infinite  uni- 
verse into  the  narrow  mould  of  the  human  skuU,  —  and  this,  despite  the 
warainga  of  experience,  which  doily  calls  to  our  minds  the  weakness,  the 
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ohildishness,  and  the  extreme  mntability  of  our  theories.  Bat  this  is  a 
matter  of  fate,  unavoidable  becaoee  the  brain  is  only  a  BaviugK-baiik 
machine  for  picking  and  choosing  among  external  realities.  It  cannot 
preserve  impreBsions  of  the  external  world  except  by  eontinuaUj  simpli- 
fying them,  by  intemiptiag  their  serial  and  continuous  flow,  and  by 
ignoring  all  those  whose  intensities  are  too  great  or  too  small, 

I  cannot  conclude  this,  my  third  and  last  lecture,  without  a  word  of 
tribute  to  this  great  people  of  North  America, — the  home  of  freedom  and 
tolerance,  —  this  daring  race  whose  positive  and  practical  intelligence, 
entirely  freed  from  the  heavy  burdens  of  tradition  and  the  prejudices  of 
the  schools,  which  weigh  still  so  heavily  on  the  minds  of  Europe,  seems 
to  be  wonderfully  endowed  to  triumph  in  the  arena  of  scientific  research, 
as  it  has  many  times  triumphed  in  the  great  struggles  of  industrial  and 
commercial  competition. 
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PSYCHIC  PROCESSES  AND  MUSCULAB  EXERCISE. 

Br  ^orKMOK  Amoslo  Mtwsa 

FlBST,  let  me  give  expression  to  m;-  gratitade  to  Clark  UnivenitT', 
whose  iuTitation  made  it  poenble  for  me  to  take  part  in  tbia  celebration. 

To  the  American  schools  of  psychology,  a  subject  which  in  Europe 
forms  so  oharacteristio  a  branch  of  the  development  of  ecience,  we  are  all 
deeply  indebted.  Psychology  is  a  fertile  field,  where  philosophers  and 
scientists  can  unite  for  common  labor,  a  field,  indeed,  where  they  cannot 
be  separated  from  each  other,  for  here  the  idealists  and  the  empiricists 
are  held  together  by  a  common  bond,  laboring,  as  they  all  are,  at  the 
solution  of  the  greatest  and  the  most  difficult  of  all  problems — theinves* 
tigatioD  of  the  human  mind. 

Clark  University,  moreover,  can  boast  of  having  given  to  pedagogy 
also  a  new  impulse.  Many  excellent  teachers  come  hither  to  perfect 
themselves  for  their  profession.  I  may  be  permitted,  therefore,  to  make 
both  fields,  psychology  and  pedagogy,  the  subject  of  my  lectures,  which 
will  treat  of  the  relations  existing  between  the  psychic  prooeases  and 
musoular  exeroise. 

I. 
It  had  long  been  known  that  our  brain  has  at  birth  a  grayer  hue,  and 
only  later  takes  on  a  whitish  color.     This  whitish  color  or^inates  from 
the  fact  that  the  cerebral  nerve  fibres,  after  their  complete  development, 
are  eurrotmded  by  a  sheath  which  has  this  color. 

To  Paul  Flechsig^  is  due  the  great  credit  of  having  shown  that  our 
oerebral  nerve  fibres  are  not  complete  at  birth,  and  that  the  white  nerve- 
paths  come  from  the  medulla,  extending  from  the  periphery  toward  the 
centre. 

In  man,  the  brain  develops  later  than  in  all  the  other  animals,  because 
his  museles  also  develop  later.  The  striped  muscles  are  more  incomplete 
at  birth  in  man  than  in  any  other  animal.  For  this  fact,  that  the  human 
brain  develops  so  slowly,  I  am  able  to  discover  no  other  reason  than 
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this,  tiiat  at  birth  the  organB  which  effect  moTement,  over  which  the  brain 
later  exercises  its  anthoritj,  are  not  yet  complete. 

The  mnBcIes  of  the  adult  human  being  are  thirty-seven  times  as  heavy 
as  those  of  the  newborn  chUd,  while  the  brain  of  the  former  is  only 
8.76  times  as  heavy  as  that  of  the  latter. 

It  had  been  loi^  known  also  that  the  brain  of  man  slowly  increases  in 
weight  up  to  the  fortieth  year.  Recently  Eaes'  has  shown  that,  up  to 
the  fortieth  year,  there  are  formed  in  the  cerebral  convolutions  new  plex- 
uses of  nerve  fibres,  which  are  lacking  in  younger  brains. 

Excitation  of  the  senses  and  impulses  to  movement  hasten  tbe  devel- 
opment of  the  nerves  in  question.  The  experiments  of  Ambronn  and 
Held'  have  shown  that,  if  one  eye  of  a  newborn  kitten  is  opened  to 
the  light,  the  other  remaining  closed,  the  optical  fibres  of  the  eye  which 
is  stimulated  by  the  light  are  more  quickly  surrounded  with  myelin  than 
those  of  the  other.  Another  important  fact  is  that  the  motor  nerve 
fibres  are  complete  earlier  than  the  sensory. 

These  facts  we  must  apply  to  pedagogy.  Only  that  soienoe  can  show 
how  injurions  is  precocious  instruction  for  the  development  of  the  child. 

If  we  wish  to  hasten  the  maturity  of  the  brain,  we  must  decide  whether 
the  formation  of  the  myelin  can  better  be  hastened  by  stimulations  of  the 
senses  and  intellectual  work,  or  better  by  masoulfur  exercises.  The  latter 
way  seems  to  me  the  more  natural.  We  must,  therefore,  to  begin  with, 
consolidate  the  motor  nerve  paths  which  develop  first,  and  after  that  seek 
to  develop  the  portion  of  the  brain  concerned  with  intellectual  work. 
Modern  views  show  a  tendency  to  confirm  what  the  great  philosophers  of 
Greece  already  recognized,  viz.,  that  children  ought  to  begin  to  read  and 
write  only  with  the  tenth  year.  The  conviction  is  again  slowly  maturing 
that  our  children  begin  to  learn  too  early,  that  it  is  injurious  for  the 
development  of  the  brain  to  be  fettered  to  the  school-desk  when  only  five 
or  six  years  old.  The  conviotioa  is  slowly  making  its  way  that  no  more 
time  should  be  devoted  to  intellectual  work  than  to  muscular  exercise. 
The  modem  eduoation  of  youth,  however,  resembles  more  an  artificial 
hothouse  culture  than  a  natural  training  of  the  human  plant. 


The  fact  observed  by  me  that  in  man  tiie  phenomena  of  intellectual 
fat^e  are  identical  with  those  of  muscular  fotigue,  caused  me  to  inquire 
whether  or  not  tiie  conscious  processes  and  those  of  movement  ate  identi- 
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oal  procesBes,  which  take  place  in  like  cella,  or,  perhaps,  alternately  in  one 
and  the  same  cell. 

The  new  phrenology  exMhits  a  tendency  to  localize  the  mental  func- 
tions, but  the  old  idea,  which  diatributed  tbe  nervous  functions  over  the 
whole  cerebral  cortex,  does  not  yet  acknowledge  its  defeat,  and  what  I 
have '  to  say  to-day  will  show  that  there  exists  an  intimate  cooneotion 
between  the  conscious  processes  and  muscular  exercise. 

Doubtless,  there  are  regions  known  in  the  brain  which  are  traversed 
by  the  will  impulse  which  sets  certain  muscle  groups  in  motion,  but  they 
are  the  junctions  of  roads,  they  are  the  tracks  upon  which  the  trains  run, 
not  the  stations  where  the  truns  are  formed,  and  where  they  receive  the 
will  impulse.  In  fact,  in  cases  where  it  was  possible  to  stimulate  electri- 
cally the  motor  r^ion  of  the  human  cerebral  cortex,  the  subject  declared 
that  he  felt,  in  that  part  of  the  body  in  which  tiie  current  caused  a^  mus- 
cular contraction,  sensations  which  resembled  the  creeping  or  mnning  of 
ants. 

If  the  so-csUed  motor  region  of  the  brain  is  destroyed,  it  is  found  that 
a  change  of  sensibility  also  takes  place.  These  facts  suffice  to  show  that, 
up  to  the  present,  no  absolute  local  separation  of  movement  and  sensibil- 
ity is  demonstrable.  Moreover,  all  ^ree  that  every  will  impulse  is  joined 
to  the  idea  of  tbe  movement  to  be  executed. 

If,  in  a  monkey,  the  roots  of  the  sensory  nerves  which  go  to  tbe  arm 
ate  severed,  the  animal  no  longer  moves  the  bond  spontaneously,  although 
the  voluntary  nerve  paths  ore  uninjured,  because  the  vhi  eoiuittam  of 
sensibility  is  lacking.  Our  mechanisms  are  so  complete  that  the  move- 
ment-command is  never  given  by  the  cells  without  a  clear  idea  of  the 
place  where  it  is  to  be  carried  out. 

In  every  voluntary  movement  there  exists  between  the  periphery  and 
the  centre  such  an  intimate  connection  that  patients  who  have  lost  the 
muscle  sense  can  contract  the  muscles  of  the  hand  around  an  object  and 
keep  them  contracted,  as  long  as  they  look  at  tiie  object.  So  soon,  how- 
ever, as  they  turn  their  eyes  away,  the  muscles  instantaneously  relax.  For 
a  movement  impulse  to  express  itself,  it  must  be  controlled  by  tiie  sensory 
nerves ;  for  the  will  and  the  sensibility  are  functions  inseparably  con- 
nected with  each  other. 

.  m. 

Attention,  which  has  been  called  an  internal  sense,  shows  really  in  the 
best  way  how  isolation  from  the  influence  of  the  external  world  is  possi- 
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ble  in  the  studj  of  paychio  phenomena.  Attention  is  the  moat  intense 
activity  of  the  mind,  and  yet  we  all  know  that  we  are  not  capable  of 
abaolately  controlling  it.  The  more  or  less  favorable  disposition  for 
intellectual  work,  which  we  perceive  on  certain  days  and  at  certain  hours, 
awakes  the  suspicion  that  attention  itself  ia,  to  a  great  extent,  conditioned 
by  internal  reflex  phenomena. 

I  have  already  shown  in  my  writings  *  that,  in  a  state  of  attrition,  the 
respiration  becomes  slower  and  deeper,  the  blood-vessels  in  the  forearm 
and  in  the  foot  contract,  the  blood  flows  more  abundantly  to  the  centre, 
the  form  of  the  brain  and  arm  pulse  changes,  and  the  activity  of  the  heart 
is  increased. 

In  the  state  of  attention,  moreover,  there  exist  an  increased  secretion 
of  sweat,  a  greater  consumption  of  the  organism  ~-  the  blood  is  poisoned 
by  the  products  of  intellectual  fa1%ae.' 

Attention  produces  not  only  the  same  chemical  effects  and  the  same 
fatigue  as  muscular  exertion  does,  but  we  feel  also,  when  we  are  attentive 
to  anything,  the  characteristic  muscular  strain  on  the  oooiput,  the  fore- 
head, and  other  parts  of  the  body. 

One  of  the  characteristic  phenomena  of  attention  is  its  periods,  which 
have  been  so  well  studied  by  Wundt  and  his  pupils, — periods  which 
exhibit  a  great  resemblance  to  those  observed  by  Dr.  W.  F.  Lombard' 
in  the  case  of  continued  muscular  oontraction.  Under  the  direction  of 
Dr.  G.  Stanley  Halt,  Lindley'  has  investigated  the  involuntazy  move- 
ments whi<^  we  make  when  we  think  of  anything,  muscular  contractdona 
of  the  face,  hands,  and  feet.  These  movements  are  like  those  which  we 
make  duriog  muscular  exertion. 

We  cannot  force  the  attention  to  fix  itself  upon  one  object  contin- 
ually, because  it  quickly  becomes  exhausted,  and  renews  itself  only  when 
a  new  object  is  offered  it,  when  new  paths  for  its  activity  are  opened. 
It  is  not  we  who  direct  the  attention.  We  can  only  indicate  to  it  the 
direction  which  it  is  to  take  according  to  our  wishes.  After  that  it  is 
free  and  does  what  it  pleases ;  it  flits  about  like  a  butterfly  on  the  path 
which  we  have  pointed  out  for  it. 

The  excitability  of  artists,  the  peculiarity  of  their  character,  show  that 
in  them  the  involuntary  movements  are  more  easily  executed,  and  that 
intelligence  and  mobility  increase  together.  But  the  fact  that  artists  see 
objects  in  a  particular  way,  and  that  the  thing  seen  by  artists,  like  that 
seen  by  litterateurs,  is  retained  by  the  memory  in  very  oharacteristio  fash- 
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ion,  proves  that  attention  works  in  a  different  Tray  •mHi  them.  The 
plastic  talent  of  southern  peoples,  the  ease  of  their  movements,  their  more 
lively  gestures,  the  mora  intense  expression  of  their  emotions,  disclose  to 
us  the  nature  of  the  artists'  genius.  I  believe,  however,  that  there  is  also 
contained  in  attention  an  emotional  faotor. 


Great  impressionability  and  the  capacity  to  fix  the  attention  for  a 
longer  time  are,  doubtless,  two  of  the  chief  conditions  for  artistic  genius. 
But  I  believe  also  that  the  exercise  of  the  hands  exerts  an  influence  upon 
the  development  of  the  mind. 

During  the  first  epoch  of  the  Renaissance,  the  greatest  artists  of 
Florence  were  all  appreutioes  in  the  workshops  of  the  goldsmiths.  Luoa 
della  Robbia,  Lorenzo  Ghiberti,  Filippo  Brunelleschi,  Francia,  Domenico 
Ghirlandajo,  Sandro  Botticelli,  Andrea  del  Sarto, — to  mention  only  a  few 
examples, — performed,  during  their  apprenticeship,  the  simplest  labors 
in  the  workshop  of  a  goldsmith.  But  the  exercise  witii  which  they 
gained  their  manual  dexterity  sorely  influenced  also  the  development 
of  their  genius. 

In  the  beginning  of  the  sixteenth  century  this  school  ended,  but  from 
the  pedagogical  standpoint  it  is  still  worth  studying.  If  I  may  be  per- 
mitted to  express  an  opinion,  I  would  say  that  the  manual  dexterity 
favored  by  tbis  labor  contributed  much  to  the  development  of  the  great 
masters  of  genius. 

A  fact  which  cannot  be  doubted  is  the  manysidedness  of  genius  which 
some  Italians  of  the  Renaissance  possessed,  and  which  has  never  again 
appeared  with  like  copiousness. 

Giotto  was  painter,  sculptor,  and  architect.  Leonardo  da  Vinci  was  a 
celebrated  musician,  a  great  painter,  an  engineer,  an  arohiteot,  a  man  of 
letters  and  of  science.  Andrea  del  Veirocchio  was  goldsmith,  sculptor, 
engraver,  architect,  painter,  and  musician.  These  facts  are  to  be  read  in 
many  histories  of  art.  An  incomparable  example,  however,  is  Michel- 
angelo. For  twelve  years  he  studied  anatomy  on  the  cadaver,  and  after- 
wards painted  the  Sixtine  Chapel  and  executed  the  tombs  of  the  Medici 
and  the  dome  of  St.  Peter's. 

In  the  artist,  better  than  in  other  human  beings,  is  seen  the  inti- 
mate connection  between  the  psychic  processes  and  muscular  exercise. 
Power  of  resistanoe  against  fatiguing  labors,  dexterity,  and  capacity 
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for  concenttatioQ,  are  the  Becret  of  their  marrelloiu  life.  I  am  con- 
TiQced  that  moBoalar  moTements  have  formed  the  omnipotenoe  of  genioB, 
just  as,  vice  vertd,  intelleotual  exercises  effect  adTantt^ooslj  the  develop- 
ment of  the  muaoles.  Michelangelo  ground  his  colors  himself.  Raphael, 
while  as  an  engineer  in  Rome  he  carried  on  excavations  and  painted 
the  rooms  of  the  Vatican,  wrote  a  treatiee  on  how  the  smokii^;  of 
the  obimoej  in  the  kitchen  of  a  prince  might  be  prevented.  As  Vaaari 
relates,  Perino  del  Vaga  made  every  mechanical  object;  he  fabricated 
often  trumpeters'  pennons,  portieres,  drapery,  flags,  embroidery,  and  carv- 
ing, and  painted  sarcophagi.  He  was  a  great  painter,  and  his  stucco 
works  belong  to  the  most  valuable  of  the  Renussance  period.  Even  if 
the  genius  of  these  mighty  men  will  remain  a  secret  for  all  time,  yet 
we  can  say  this  much,  that  their  hand  was  just  as  dexterous  as  their  mind 
was  lofty. 

These  men,  who  are  the  greatest  representatives  of  our  race,  have 
carried  the  dexterity  of  their  hands  to  the  highest  degree  of  perfection. 
They  were  simple  workers,  who,  laboring  untiringly  with  their  hanrl^ 
lifted  the  human  mind  to  the  highest  ideals  of  beauty. 

If  the  Greeks  excelled  all  other  peoples  in  genius,  it  was  because  they 
paid  more  attention  than  did  the  others  to  bodily  exercise ;  they  brought 
gymnastics,  the  study  of  bodily  positions  and  bodily  exercise,  to  a  height 
which  has  never  been  reached  by  other  peoples  since  their  day. 


Our  brain  possesses  probably  more  substance  than  we  generally  use, 
so  that  a  not  inconsiderable  part  of  it  may  be  looked  upon  as  on  organ  of 
luxury.  The  fact  observed  by  me,  that  we  breathe  in  more  air  than  is 
necessary,  together  with  the  fact  observed  much  earlier,  that  we  eat  much 
more  than  we  need,  allows  us  to  designate  as  luxury  all  that  is  not  abso- 
lutely necessary. 

Our  brain  has  on  the  aver^^  about  a  milliard  of  nerve  cells.  Many 
men  have  more,  and  others  less  brain  substance,  without  it  being  possible 
to  detect  a  difference  in  the  intensity  of  their  psychic  processes. 

Large  and  heavy  brains  are  often  found  in  men  who  do  not  moke  full 
use  of  them.  Such  a  brain  was  that  of  Rustan,  which  Rndolphi  has 
described.  It  weighed  2222  gr.,  while  that  of  Helmholtz'  weighed 
only  1420  gr.  The  brain  of  the  unknown,  commonplace  individual, 
Rustan,  was  therefore  802  gr.  heavier  than  that  of  Helmholtz.     The 
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great  fticility  with  which,  in  the  case  of  partial  destruction  of  the  brain, 
the  indiTidual  parts  can  substitute  one  another  has  been  demonstiated 
by  Flonrens  and  Goltz. 

Not  all  the  brain  cells  work  simultaneously,  but  they  relieve  one 
another  probahlj  with  such  punctuality  that  only  under  certain  conditions 
do  we  notice  that  some  groups  are  fatigued. 

That  this  relief  process  exists  can  be  argued  from  the  fact  that  the 
nerve. cells  offer  only  a  very  small  resistance  to  fatigue. 

The  attention  itself  works  in  periods  of  activity  and  rest.  These 
periods  have  been  observed  in  the  case  of  the  sense  of  Mght,  as  well  as  in 
the  senses  of  hearing,  taste,  and  tonch.  Since,  as  Bowditch  has  shown, 
the  nerves,  as  scch,  do  not  become  fatigued,  we  mnst  ascribe  such  fluctua- 
tions to  the  centre. 

If  we  close  one  eye,  and  with  the  other  look  at  an  equally  illuminated 
wall  or  the  sky,  we  notice  that  the  visual  field  now  darkens,  now  lights 
up  again.'  The  dark  color  becomes  green,  yellowish,  or  blue,  and  appears 
in  regular  intervals,  5-12  times  a  minute.  These  periods  vanish  as 
soon  as  the  eye  in  attention  is  directed  towards  a  certain  object. 
I  do  not  believe  that  this  phenomenon  arises  from  the  movement  of  the 
blood-vessels,  for  it  appears  only  when  we  look  with  on«  eye.  I  am  of 
the  opinion  that  it  points  to  a  relief -process  in  cerebral  activity,  and  to  a 
period  during  which  a  slight  fatigue  of  the  brain  cells  takes  place,  if  the 
latter  are  not  incited  by  the  attention  to  more  intense  labor.  Our  atten- 
tion turns  automatically  now  to  one,  now  to  the  other  eye." 

There  exists  a  remarkable  agreement  between  the  periods  of  activity 
and  rest  of  the  brain  cells  and  of  the  sympathetic  system.  If  we  investi- 
gate the  movements  of  the  blood-vessels  with  the  plethysmograph,"  and 
also  the  movements  of  the  bladder,>*  we  notice  great  undulations,  coincid- 
ing with  some  respiratory  movements.  In  the  curves  also,  observed  in 
man  and  jtninmlii  when  the  blood  pressure  is  investigated,  these  fluctua- 
tions, which  were  first  described  by  Traube,  are  seen.  I  myself  have 
shown  that  the  respiratory  curve  exhibits  periods  of  greater  and  less 
activity.  These  fluctuations  are  particularly  characteristic  in  mountain 
sickness.  With  each  period  of  rest  the  excitability  of  the  nervous  centres 
is  decreased. 

From  all  these  phenomena  it  seems  to  follow  that  the  nerve  cells  have 
only  a  small  power  of  resistance,  and  that  they  show  on  the  average  every 
ten  seconds  a  tendency  to  rest. 


.,  Google 


S90  Angelo  Mosso: 

I  have  furtiier  been  able  to  ehow,  by  means  of  the  ergograph,  that  to 
atrraigly  contract  the  hand  aoffices  to  induce  in  the  brain  the  first  symp- 
toms of  fatigue,  and  that  a  few  seoonda  of  rest  are  enough  to  make  tbe 
nerve  cells  capable  of  functioning  E^ain. 

The  very  short  duration  of  the  capacity  to  resist  in  the  nerve  cells 
makes  it  plain  that  the  brain  mnst  necesaarily  possess  a  great  number  of 
cells.  It  is  the  task  of  pedagogy  to  show  how  the  brain  cells  can  most 
fitly  be  employed  for  the  welfare  of  the  individual  and  of  society. 

It  ia  already  well  known  that  the  barbarians  were  able  to  learn  foreign 
languages  with  greater  facility  than  the  Greeks  and  Romans."  When  we 
say  of  young  peoples  that  they  will  some  day  excel  ub  in  literature,  as  in 
art  and  in  sdence,  we,  unconsciously  perhaps,  intimate  thereby  that  their 
brain  still  possesses  tracts  of  virgin  soil^  which,  with  later  cultivation, 
will  become  fertile. 

VI. 

The  more  mobile  the  extremities  of  an  animal  are,  the  more  in- 
telligent it  is.  Among  all  birds  the  parrot  is  the  most  intelligent,  because 
it  makes  more  use  than  do  other  birds  of  its  legs,  beak,  and  tongue. 
The  elephant  is  more  intelligent  than  all  ot^ei  wild  animals,  because 
he  makes  use  not  only  of  his  legs,  but  also  of  his  snout,  as  organs  of 
movement. 

Another  consideration  :  The  most  mobile  parts  of  the  body  are  at  the 
same  time  the  most  sensitive,  e^.  the  tongue,  the  hand,  t^e  snout.  This 
increased  sensitiveness  depends  neither  on  a  more  numerous  ramifioation 
of  nerves,  nor  on  the  more  complicated  character  of  the  end  organs,  but 
arises  from  the  fact  that  the  brain  itself  is  more  irritable,  as  shown  by 
the  passions  of  animals,  which  are  more  violent  the  more  mobile  tiie 
creature  is. 

Romanes  ^  has  already  said  that  the  higher  inteUigenoe  of  monkeys  and 
the  highest  intelligence  of  man  are  related  to  a  more  perfect  instrument 
of  motion,  viz.  the  hand,  in  which  the  ideal  of  perfection  seems  to  have 
been  reached. 

The  cephalopods,  which  have  eight  arms,  formed  of  musole-substance 
and  provided  with  suckers,  stand,  among  the  molluscs,  nearest  to  the 
vertebrates  on  account  of  their  strength  and  power  of  movement.  It  was 
movement,  probably,  that  developed  their  brain-ganglia,  for  these  are 
lai^r  in  the  cephalopoda  than  in  the  other  molluscs.  As  they  possess  a 
good  memory  and  a  high  intelligence,  so  they  also  exhibit  more  intense 
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emotions,  as  maj  be  seen  from  the  great  facility  with  vhieh  the  color  of 
their  skin  changes. 

The  mutual  relation  of  Intelligence  and  movement  ia  one  of  the  most 
constant  factors  in  nature.  The  movements  always  change  when  the 
intelligence  changes.  We  need  only  consider  the  gait  of  the  Indians  in 
order  to  convince  ourselves  of  the  truth  of  my  assertion.  Their  walk  is 
characteristic,  being  heavier  and  slower  than  ours.  Microcephalic  indi- 
viduals have  an  awkward  gut,  and  an  inconsiderable  dexterity  in  the 
movement  of  the  hands.  This  change  in  movement  is  atill  more  striking 
in  the  case  of  idiots. 

In  some  parts  of  Italy  and  of  Switzerland  there  are  many  cretins.  On 
my  frequent  Alpine  excorsious,  I  was  often  able  to  reoogmze  by  their  gait 
the  degree  of  intelligence  of  persons  who  were  near  me.  I  have  con- 
vinced myself  of  the  fact  that  the  first  signs  of  cretinism  can  be  detected 
in  the  he&vy  gait,  the  arched  vertebral  eolumo,  and  the  maimer  of  moving 
the  arms  in  walking. 

vu. 

Neither  anatomy  nor  physiology  has  hitherto  been  able  to  deoide 
whether  like  brain  cells  have  different  functions,  or  whether  all  cells 
perform  the  same  service. 

Since  neither  chemically  nor  by  the  use  of  the  strongest  microscopes 
can  we  demonstrate  differences  in  the  nerve  cells  of  the  cerebral  cortex, 
it  is  therefore  probable  that  none  such  exist.  Hence,  I  believe  that  the 
psychic  functions  cannot  be  separated  from  the  motor,  that  rather  the 
psychic  phenomenon  and  that  which  imparts  the  movement  impulse  both 
have  Uieir  seat  in  the  same  cell.  How  closely  connected  thought  and 
movement,  consciousness  and  muscular  activity,  are,  is  best  seen  in  the 
phenomena  of  sleep.  If,  shortly  before  going  to  sleep,  we  hold  a  book  or 
some  otiier  object  in  the  hand,  we  notice  that  the  object  falls,  the  muscles 
relaxing,  the  moment  consciousness  ceases.  The  significance  of  the  fact 
emphasized  here  is  not  decreased  by  the  phenomena  of  movement  observed 
in  somnambulists  and  individuals  who  have  been  hypnotized.  It  is  well 
known  that  one  can  ride  and  walk  when  asleep.  By  practice  one  can 
learn  to  play  the  pianoforte  without  distinguishing  the  individual  finger- 
movemente.  Some  can  play  an  instrument  when  asleep.  But  these  are 
not  voluntary,  bat  instinctive  and  reflex  movements. 

In  a  diseased  arm,  in  which  the  muscles  have  been  atrophied,  the 
sensitdveness  of  the  fingers  is  simultaneously  improved  if  one  seeks  to 
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remove  the  Rtrophied  oonditioii  of  the  moBoles  bj  exeroiseB  in  conttao- 
tion. 

When  the  brain  has  been  fatigned  by  ezclaBively  intelleotDal  activity, 
the  Bensitiveneas  of  the  hand  and  direct  irritability  of  the  moscles  are 
also  decreased.  These  observations  force  ns  to  the  assumption  that  the 
intelligence,  the  sensitiveness,  and  the  movement  are  phenomena  which 
cannot  be  separated  from  each  other,  that  their  fusion  and  their  con- 
nection belong  to  the  conditions  which  permit  as  to  comprehend  the 
nature  of  the  mind. 

ImhteiU  signifies  weak  in  body,  but  particularly  weak  in  mind.  In 
Latin,  however,  in  baeillvm  means  **leaning  on  a  staff."  The  ancients 
have  thus  understood  the  relations  in  question  better  than  I  am  able  to 
express  tiiem  in  words. 

vni. 

It  is  well  known  that  an  injury  on  a  certain  spot  in  the  left  temporal 
lobe  of  the  brain  carries  with  it  the  loss  of  speech.  Forty  years  ago 
Broca  first  described  a  case  of  this  kind.  At  the  autopsy  of  a  man  who 
had  lost  his  speech,  whose  right  arm  and  leg  were  paralyzed,  and  who, 
besides,  exhibited  disturbances  of  intelligence,  there  was  found  a  broad 
and  deep  depression  of  the  bnun  substance,  eztendii^  from  the  Sylvian 
fissure  to  that  of  Rolando.  Afterward  appeared  the  celebrated  treatises 
of  Broca,  which  form  an  imperishable  monument  in  the  history  of  cerebral 
localization.  It  is  the  merit  of  James  to  have  shown  that  the  motor 
impulse  develops  itself  before  the  appearance  of  language  in  the  convolu- 
tions of  the  left  cerebral  hemisphere. 

In  OUT  development  gestures  and  other  movements  appear  first ;  then, 
later,  the  sonnds  of  language. 

It  is  not  the  process  of  consciousness  which  mokes  our  hands  dex- 
terous, but  perhaps  the  movements  of  the  right  extremities,  which  effect 
the  higher  psychic  development  of  the  left  cerebral  hemisphere. 

The  influence  of  the  band  upon  the  development  of  language  is  evi- 
dent from  the  fact  that  an  sphasic  patient  is  made  to  write  in  order  tiiat 
he  may  gradually  regain  the  power  of  speech. 

The  relation  between  muscular  movements  and  conscious  processes  is 
BO  intimate  that  when  the  arms  and  hands  of  a  hypnotized  person  are 
brought  into  certain  positions  and  certain  muscles  by  external  contact 
made  to  contract,  certain  emotiooa  are  induced  corresponding  to  those 
muscular  contractions.  Here,  then,  intellectual  processes  ore  certainly 
effected  by  external  muscular  activity. 
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There  is  no  doubt  that  the  first  human  beings  'vore  dumb,  and  that 
men  for  a  long  time  made  use  of  gestiue-language  for  purposes  of  mutual 
understanding  before  they  diacovered  sound-language.  The  child,  too, 
before  it  is  able  to  speak,  expresses  itself  by  gestures.  It  observes  the 
looks  of  its  parents  and  of  the  persons  who  speak  to  it,  in  order  to  com- 
prehend the  meaning  of  the  words  heard.  Pantomime  is  the  heightened 
expression  of  the  involuntary  movements  which  accompany  the  individual 
phases  of  mental  activity.  In  the  hieroglyphs  of  the  Egyptians  and  in 
the  representations  on  Greek  vases  we  recognize  the  gestures  and  the 
involuntary  movements  which  men  made  more  than  three  thousand 
years  ago. 

IX. 

Leonardo  da  Vinci,  in  his  treatise  on  paintii^,  liad  already  attempted 
to  describe  the  passions  by  detailing  how  to  represent  a  man  in  a  state  of 
r^e  and  despair.  The  first  men  who  were  able  to  make  themselves 
intelligible  to  each  other  must  alao  have  been  the  most  excitable,  and  in 
them  the  motor  ideas  must  have  been  very  active.  The  word  and  the 
langm^e  of  a  people,  superhuman  gifts,  according  to  the  ancients,  are 
produced  by  reflex  movements,  gestures,  and  interjections.  Even  now 
artists  still  feel  more  keenly  than  others  the  intimate  relation  between 
muscular  movements  and  psychic  functions ;  they  have  the  gift  of  repre- 
senting the  effects  of  the  emotions  upon  bodily  posture  and  of  idealizing 
them. 

The  great,  picturesque  mode  of  representation  of  the  human  body, 
which  was  the  glory  of  the  Renaissance,  had  its  basis  in  this  physiological 
law. 

A  pleiad  of  the  greatest  artists,  who  perceived  the  internal  power  of 
the  emotions,  popularized  the  study  of  bodily  postures  by  representing  in 
sacred  and  profane  creations  the  feelings  that  thrilled  the  soul.  They 
glorified  the  naked  body,  busying  themselves  with  showii^  throi^h  the 
study  of  bodily  forms  and  their  movements  the  perfection  and  the  phi- 
losophy of  art. 

We  need  here  neither  to  think  of  the  heroic  figures  of  Michelangelo 
and  their  powerful  musculature,  nor  of  the  pleasing,  feeling,  and  directly 
perceived  figures  of  Botticelli,  nor  yet  of  the  sublimely  sensual,  passion- 
stirred  figures  of  the  Venetian  school,  in  order  to  comprehend  how  in 
works  of  art  the  mind  is  revealed  in  muscular  contractions.  It  suffices 
to  recall  the  sublime  figures  of  Perugino,  the  teacher  of  Raphael,  which 
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compel  us  to  adminition  with  their  expression  of  the  deTotioD,  the  enthu- 
siasm,  and  the  ardor  of  faith.  Everything  here  is  kept  oalm ;  in  these 
figures  we  find  nothing  exciting,  the  expression  of  the  face  alone  mirror- 
ing the  mood  which  the  artist  himself  felt  during  the  production. 

In  my  next  lecture  I  will  speak  further  of  the  basic  conditions  of  Hie 
emotions.     Here,  however,  I  will  close. 

The  nervous  system,  as  you  know,  oonsista  of  an  intimate  union 
between  sense^urfaoe  and  muscles.  Golgi  and  Cajal*  the  greatest  dis- 
coverers in  the  structure  of  the  nervous  system,  tell  us  now  that  there 
is  no  difference  to  be  found  in  the  cells  of  the  central  organs,  that  there 
is  no  evidence  of  a  morphological  distinction  between  motor  and  seoaoiy 
cells  in  the  brain. 

The  structure  of  the  nervous  cells  is  the  same ;  the  relations  alone 
are  different.  Prolwbly  there  is  but  one  nervous  substance,  which  is 
active  for  all  functions.  The  immense  number  of  the  brain  cells  is 
easily  explained,  since  the  cells  oau  relieve  one  another  and  the  nervous 
activity  go  on  uninterruptedly  from  one  series  of  cells  to  another.  The 
greatest  complication  lies  in  the  life  of  a  single  brain  cell. 

In  this  lecture  I  have  sought  to  show  how  intimately  related  are 
mental  processes  and  movements.  If  we  desired  to  make  a  ped^ogical 
application,  we  might  say  that  physical  education  and  gymnastics  serve 
not  only  for  the  development  of  the  muscles,  but  for  that  of  the  brain 
as  well. 
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THE  MECHANISM  OF  THE  EMOTIONS. 


To-DAT  I  may  be  permitted  to  express  my  own  ideas  about  the  mech- 
miinm  of  the  emotioDB. 

We  are  sometimes  surprised  by  a  sad  or  a  joyful  piece  of  news.  We 
all  know  what  happens  in  a  state  of  fear  and  distress.  Physiological  phe- 
nomena ooour  that  cannot  be  described.  But  when  we  learn  suddenly 
that  the  news  which  has  troubled  us  is  false,  i^t  our  fear  and  distreaa 
had  no  foundation,  the  internal  disturbance  does  not  cease,  the  physio- 
logioal  phenomena  continue  in  the  organism  in  spite  of  all  efforts  of  the 
will  to  suppress  them. 

The  investigation  of  these  processes  has  shown  that  Ute  seat  of  the 
emotions  lies  in  the  sympathetic  nervoos  system. 

Before  we  were  bom,  and  for  a  long  time  after  birth,  onr  life  was 
entrusted  to  the  activity  of  the  sympathetic  system  and  tbe  reflex  move- 
ments derived  from  tbe  spinal  cord.  We  need  not  be  surprised  at  this, 
when  we  reflect  how  great  an  importance  nature  has  attributed  to  the 
vegetative  and  generative  life  processes  in  the  formation  of  the  organism. 

In  decisive  moments  of  life,  when  the  emotions  are  most  violent,  it  is 
just  the  sympathetio  nervous  system  that  comes  into  action.  The  intes- 
tines and  the  smooth  muscular  fibres  contract  in  order  to  raise  the  press- 
ure of  the  Uood,  and  to  utilize  the  blood  better  for  the  brain  and  the 
muscles. 

The  first  observations  concerning  this  subject  were  made  by  me  nu>re 
than  twenty  years  ago.  I  was  able  to  see  that  in  sleep  a  contraction  of 
the  blood-vessels  always  tabes  place  as  soon  as  the  sense  organs  and  the 
sMn  are  stimulated,  even  when  tbe  stimulation  is  so  weak  that  the  subject 
does  not  wake  up.^  These  changes,  which  result  without  our  knowledge, 
form  one  of  the  most  remarkable  arrangements  which  we  can  observe 
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amoi^  tlie  perfeotions  of  our  organizatioo.  Daring  the  iotenruption  of 
oonBcionsneas  our  body  does  not  TeDutin  helplesalj  exposed  to  the  infla- 
enoee  of  the  extenutl  world,  or  in  danger  of  becoming  the  prey  of  its  ene- 
mies. Even  in  sleep  a  portion  of  the  nerve  centres  wat<dies  over  the 
(^rations  of  the  external  world,  Emd  prepares  in  good  time  the  material 
conditions  for  the  awaking  of  conscioTisness.  If  we  glance  back  at  the 
unconscious  processes  which  we  saw  take  place  in  sleep  under  external 
influences,  we  shall  see  that  they  are  all  coordinated  in  correspondence 
with  a  final  object ;  they  all  coincide  in  favoring  the  circulation  of  the 
blood  in  the  brain,  and  thereby  making  it  possible  that,  in  case  of  danger, 
the  organ  may  awake  to  full  activity. 

I  do  not  believe  myself  far  from  the  truth  in  maintuning  that  the 
totality  of  the  reflex  movements  to  be  observed  during  sleep  forms  a  real 
defensive  apparatus  for  the  organism. 

Other  investigators  have  since  demonstrated  the  same  thing.  Two 
years  later,  in  1881,  Dr.  Pellacani  and  I  found  that  even  very  weak  sensa- 
tions caosed  a  contraction  of  the  bladder."  These  facts  had,  in  general, 
been  already  known,  for  these  contractions  have  become  proverbial  in 
connection  with  fear  and  other  emotional  conditions ;  but  no  one  had 
previously  observed  that  this  oi^an  reacts  with  such  facility  to  all  sense 
impressions  that  its  tonicity  changes  in  consequence  of  attention  and  incon- 
siderable psychic  processes. 

II. 

The  organs  of  the  abdomen  and  the  pelvic  cavity  are  just  as  sensitive 
to  the  emotions  as  the  heart.  I  have  studied  the  movements  of  the 
abdominal  organs,  the  stomach,  and  the  rectum.  In  the  smallest  emotions 
movements  of  the  intestines  snd  stomach  always  occur. 

In  the  movements  of  the  bladder,  we  must  distinguish  between  active 
and  passive,  i.e.  between  such  as  are  peculiar  to  the  bladder  itself,  and 
such  as  are  transferred  to  it  from  the  diaphragm  and  from  the  walla  of 
the  abdomen. 

In  order  to  investigate  with  exactnras  these  movements  of  the  bladder 
itself,  I  have  carried  on  experiments  both  on  the  dog  and  on  woman.  I 
shall  first  explain  the  construction  of  tiie  apparatus  employed,  and  then 
give  an  account  of  the  experiments  performed. 

The  instrument  made  use  of  was  my  plethysmograph,  which  has  the 
advantage  of  maintaining  the  pressure  constant  and  of  registering  the 
slightest  movements  of  contraction  and  relaxation  of  the  bladder. 
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A  catheter  for  female  use  (Fig.  1)  J.  is  in  commanioation  with  a 
glass  tube  BG  which,  with  a  rectangular  curve,  sinks  to  the  depth  of  1  or 
2  cm.  below  the  level  oi  of  the  liquid  contained  in  the  large  receptacle,  P. 
This  descending  tube  must  be  put  into  a  perfectly  vertdoal  position  before 


Via.  1.  —  AzrmngeniBDt  of  tba  plethfBnu^raph  loi  traclii(  tiw 

every  experiment,  and  fixed  firmly  in  that  position  by  the  iron  supprat 
Its.  The  presBure-sorewB  at  the  foot  of  tiie  support  facilitate  this  nec- 
essary arrangement.  A  test-tube  F,  like  those  used  for  chemical  reactions, 
with  very  thin  walls,  and  suspended  by  two  silk  threads  from  a  pulley  O-, 
is  held  in  equilibrium  by  means  of  a  piece  of  lead  S,  which  has  the 
same  weight  as  the  cylinder  F.     To  this  counterpoise  is  fixed  a  pen  for 
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tracing  on  a  smoked  cylinder,  or  on  the  ooatinuous  roll  of  a  Lndwig 
kTmc^raph. 

The  cylinder  J*  is  suspended  in  sQch  a  manner  that  it  has  the  vertical 
glass  tube  G  in  perfect  correspondence  to  its  axis  and  so  that  it  can  move 
up  and  down  without  touching  it. 

In  order  to  avoid  the  attraction  of  the  cylinder  by  adhesion  to  the 
tube  running  down  its  axis,  and  the  consequent  development  of  resistance, 
it  ia  advisable  to  furnish  the  lower  end  of  the  tube  with  a  little  rii^ 
of  sealing-wax,  or  of  india-rubber,  cut  from  a  tube  of  corresponding 
diameter. 

The  cylinder  F  is  drawn  up  until  its  bottom  touches  the  lower  end  of 
the  vertdoal  tnbe ;  the  jar  P,  for  the  time  being,  we  suppose  to  be  full 
of  water. 

The  catheter  A  and  the  bladder  of  the  animal  or  human  being  into 
which  it  ia  introduced  muBt  be  on  the  same  level  a&  as  the  liquid  in  the 
laige  vessel.  The  true  level  is  easily  found  by  placing  (he  plethys- 
mograph  and  the  cylinder  on  which  the  tracing  is  done  on  a  strong  iron 
table,  which  may  be  raised  or  lowered  by  means  of  a  screw ;  a  photog- 
n^ber's  table  serves  the  same  pQrp(»e. 

The  tube  AJBG  and  part  of  the  cylinder  F  being  filled  with  water, 
the  catheter  is  introduced  into  the  bladder,  and  the  dip  /  opened.  If 
a  contraction  of  the  bladder  takes  place,  a  quantity  of  water  correspond- 
ing to  the  diminution  of  the  capacity  of  the  bladder  will  flow  into  the 
cylinder  F.  The  cylinder  F,  becoming  heavier  through  this  afflux  of 
water,  is  bound  to  sink  into  the  liquid  of  the  jar  below  until  it  has  dis- 
placed a  volume  of  liquid  corresponding  to  the  increase  of  water  reoeived. 
If  a  dilatation  of  the  bladder  takes  place,  a  certain  volume  of  water  will 
flow  into  it,  and  the  cylinder  becoming  lighter  will  rise  to  a  corresponding 
height  above  its  original  level. 

Had  the  walls  of  the  cylinder  neither  volome  nor  weight,  and  were  the 
jar  full  of  water  P  so  wide  that  the  immersion  of  the  cylinder  would  not 
sensibly  alter  the  level  of  the  water  contained,  it  is  clear  that  the  cylinder 
might  rise  or  sink  withont  any  change  taking  place  in  the  level  of  the 
water,  either  in  the  cylinder  or  in  the  jar  P.  But  since  the  walls  of  a 
glass  cylinder,  however  thin  they  may  be,  have  nevertheless  a  certain 
weight  and  volume,  the  immersion  of  the  cylinder  in  water  will  cause  a 
loss  of  so  much  of  its  weight  as  would  correspond  to  the  weight  of  a 
cylinder  precisely  similar  with  walls  of  water.    This  dinunution  of  weight 
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at  the  side  Foi  a.  system  FM,  which  is  held  in  equilibrium  by  means  of 
the  pulley  O-,  must  produce  a  displacement.  The  counterpoise  M,  which 
has  remained  constant,  will  repair  the  loss  in  weight  of  the  cylinder  F  in 
raising  above  the  level  ab  a  weight  of  water  in  the  cylinder  which  will 
equal  the  loss  in  weight  of  the  cylinder  in  its  immersion. 

A  column  of  water  being  raised  in  this  manner  above  the  level  oi, 
there  is  of  necessity  an  augmentation  of  pressure  within  the  Idadder  cor- 
responding to  the  height  of  the  column.  In  order  to  remedy  this  defect, 
which  as  a  rule  is  not  more  than  a  column  of  2  cm.  of  water,  we  fill  the 
jar  P  with  a  liquid  which  is  less  dense  than  water,  that  is,  with  alcohol 
and  water.  At  every  contraction  of  the  bladder  a  ooneeponding  quan- 
tity of  water  will  pass  into  the  cylinder,  and  the  latter  will  sink  into  the 
diluted  alcohol  in  the  jar  P.  As,  however,  the  density  of  this  liquid  is 
less  than  that  of  water,  the  cylinder  F  will  not  only,  in  its  descent,  dis- 
place a  volume  of  aloohol  equal  to  that  of  the  water  which  it  contains,  bat 
will  tend  to  sink  lower,  thus  carrying  the  level  of  the  water  it  contains 
below  the  level  ab  of  the  surrounding  alcohol. 

Then,  again,  we  have  already  noticed  that  the  cylinder  in  plunging 
into  the  liquid  loses  gradually  in  weight,  in  accordanoe  with  the  well- 
known  principle  of  Archimedes,  and  that  the  counterpoise,  which  remains 
constant,  seeks  to  repair  this  loes  by  raising  the  inner  level  of  the  water 
cA  above  the  level  of  the  surrounding  alcohol,  until  the  equilibrium  is 
reestablished. 

We  have,  tiierefore,  in  this  case  two  forcea  acting  in  oj^xwition :  that 
is,  gravity,  which  tends  to  bring  the  water  levd  below  the  alcohol  level 
ai,  and  the  loss  in  weight  undergone  by  the  cylinder  F  during  immersion, 
which  gives  it  an  upward  impetus.  If  these  two  forces  are  equal  they 
will  cancel  each  other  and  the  cylinder  F  will  be  able  to  rise  and  fall  to 
the  extent  of  its  entire  length,  the  level  ah  of  the  water  contained  in  it 
remaining  meanwhile  unaltered. 

In  order  to  obtain  the  exact  degree  of  density  necessary  to  this  end  we 
make  use  of  an  empirical  method ;  that  is,  we  prepare  a  mixture  of  water 
and  absolnte  alcohol  if  the  cylinder  has  thickish  walls.  The  liquid  will 
have  the  required  degree  of  density  when  the  cylinder  is  filled  to  the 
top  with  water  or  empty ;  in  other  words,  when  the  cylinder  is  immersed 
up  to  its  neck  in  the  liquid  or  has  its  base  merely  touched  by  it,  the  level 
ah  of  the  water  contained  in  it  remains  constant  on  the  plane  ab  of  the 
Burroonding  liquid. 
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For  all  theae  neoesaary  operations  of  filling,  emptying  the  cylinder, 
adding  or  taking  away  water  from  the  bladder,  a  glaas  tnbe  L  graduated 
in  cubic  centimetres  ia  made  uae  of.  This  tube  communicates  by  means 
of  another  of  india-rubber  closed  by  a  clip  K  and  of  a  T-tube  with  the 
horizontal  tube  BG.  In  order  to  empty  the  cylinder  F  or  take  water  from 
the  bladder,  an  inward  breath  is  drawn  at  the  mouth  of  the  tube  N,  the 
tube  L  meanwhile  being  closed  with  the  stopper  M,  which  has  a  glass 
tube  running  through  it ;  in  order  to  add  water,  one  need  only  open  the 
nipper  K. 

For  the  experiments  explained  in  the  sequel  a  graduated  and  calibrated 
cylinder  which  contained  80  oo.  to  18  cm.  length  was  made  use  of,  therefore 
every  centimetre  measured  on  the  ordinates  of  our  tracings  corresponds 
to  B  little  less  than  2  oc. 

Care  must  be  taken  that  the  pulley  0-  be  sensitive  enough  and  so  well 
balanced  that  it  remains  in  equilibrium  in  every  position.  A  description 
of  the  apparatus  that  puts  tiie  cylinder  8  in  movement,  its  velocity  being 
constant  or  variable  as  required,  is  here  unnecessary,  as  it  is  a  piece  of 
clockwork  with  a  Foucault  regulator  which  is  to  be  found  in  all  labora- 
tories. 

When  a  oertain  pressure  was  to  be  exercised  on  the  bladder  in  order 
to  dilate  it,  it  sufficed  to  raise  the  table  on  which  the  plethysmograph 
stood,  so  that  the  level  ah  was  above  the  plane  of  the  bladder,  and  to  add 
water  with  the  tube  X  or  to  lower  the  animal  or  human  being. 

In  order  to  measure  exactly  the  pressure  exercised  on  the  bladder 
during  our  experiments,  we  made  use  of  a  water  level  consisting  of  a 
simple  india-rubber  tube  with  an  inner  diameter  of  5  mm.,  1  m.  in  length, 
which  had  at  its  end  two  pointed  glass  tabes  about  20  cm.  in  length.  One 
of  these  tubes  being  placed  near  the  symphysis  pubis,  the  other  was  put 
^[ainst  the  jar  P,  and  the  difference  of  level  between  the  bladder  and  the 
plane  ab  was  read  on  a  double  decimetre  measure.  This  height  ia  the 
pressure  exercised  on  the  bladder. 

Six  days  after  a  fistula  had  been  applied  to  a  male  dog  the  bladder 
was  connected  through  it  with  my  plethysmograph,  and  the  curve  thus 
obtained  recorded  on  a  rotating  cylinder.  Simultaneously  I  had  the  tho- 
racic and  the  abdominal  respiration  registered.  The  movements  of  the 
bladder  and  of  the  abdomen  are  by  this  means  directiy  fixed  upon  the 
cylinder,  while  the  thoracic  respiration  ia  represented  reversed  upon  it, 
1.8.  a  sinking  of  the  curve  corresponds  in  the  latter  case  to  expiration,  a 
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rise  to  inspiration.  Since  the  three  curres  were  recorded  exactly  over 
each  other,  the  moyemente  could  be  studied  independentlj  and  com- 
pared (Fig.  2). 

The  curve  for  the  bladder  showed,  as  was  to  be  expected,  also  the 
respiratory  movements.  In  this  curve  we  see  that  the  bladder  begioB 
to  contract  before  the  abdomen  rises.  This  comes  from  the  fact  that 
the  sinking  of  the  diaphragm  depresses  the  intestines,  and,  with  them, 
also  the  bladder.  The  effect  most  first  appear  in  the  very  place  where 
the  resistance  is  least,  t.e.  in  the  open  bladder ;  then  the  abdominal  walls 


are  forced  forward.  Some  time  after  the  contraction  of  the  diaphragm 
the  expansion  of  the  chest  begins. 

But,  besides  these  respiratory  movementa,  there  can  be  perceived  in 
the  bladder  curve  a  slight  sinking,  and,  after  it,  again  a  rising  of  the 
whole  curve.  These  are  active  movements  proper  to  the  bladder  itself. 
They  are  easily  distinguished  from  the  passive  movements,  since  they 
occur  less  qaickly. 

Another  day  while  we  were  recording  the  movements  of  the  bladder, 
a  servant,  to  whom  the  dog  was  much  attached,  entered  the  laboratory. 
Immediately  the  curve  showed  an  active  contraction  of  the  bladder,  as 
may  be  seen  in  Fig.  8  at  0^.    In  abe  we  see  passive  movements  of  the 
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bladder,  which  have  become  weaker  because  the  reepiration  ifl 
more  Bnperficial. 

When,  shortly  before,  another  person,  whom  the  dog  did 
not  know  so  well,  had  entered  the  room,  we  had  also  noticed 
another,  but  stronger,  contraction  of  the  bladder.  In  order 
to  keep  the  dog  quiet,  one  of  us  laid  hia  hand  on  his  head. 
(See  P  in  the  onrre  of  Fig.  8.)  When  the  hand  was  taken 
away,  and  the  servant  laid  his  upon  tiie  dog,  there  occurred 
again  an  active,  but  less  marked,  contraction  of  the  bladder. 
As  soon  as  the  respiration  became  more  superficial,  the  paasive 
movements  of  the  bladder  became  also  less  distinct. 

After  these  observations,  the  dog  lay  with  eyes  half-closed, 
as  if  be  was  about  to  go  to  sleep.  His  tail  was  touched,  and 
immediately  afterward  the  onrve  showed  an  active  contrac- 
tion of  the  bladder,  while  —  what  ia  noteworthy — the  rhythm 
and  depth  of  the  respiratory  movements  did  not  change. 
After  the  bladder  had  ^;ain  assumed  its  full  volume,  and 
while  the  dog  was  perfectly  quiet,  his  skin  was  touched,  and 
the  curve  record  showed  at  once  a  stronger,  active  contraction 
of  the  bladder.  In  like  manner,  sensations  of  pain,  which  we 
produced  by  pulling  the  dog's  ears,  caused  strong,  active  con- 
tractions of  the  bladder. 

Such  experiments  were  many  timas  repeated.  They  were 
also  carried  on  with  bitches,  the  bladder  being  directly  con- 
nected with  the  plethysmograph  by  the  introduction  of  a  cathe- 
ter, without  previous  establishment  of  a  fistula.  The  results 
which  we  obtained  were  always  the  same.  It  was  sufficient 
to  speak  kindly  to  the  animals,  or  to  caress  tikem,  to  make  the 
curve  express  the  peyohic  inflnenoe  upon  their  active  move- 
ments. 

But  I  conld  not  rest  content  with  these  results  obtained 
from  animals.  I  needed  to  corroborate  them  by  experiments 
on  human  beings.  Naturally  this  can  be  done  better  with 
woman,  since  with  her  the  bladder  can  be  easily  brought  into 
connection  with  the  plethysmograph  by  the  introduction  of  a 
catheter.  My  clinical  colleagues  were  kind  enough  to  plaoe 
at  my  disposal  some  girls  from  the  hospitals,  who  readily 
offered  themselves  for  the  purposes  of  these  experiments. 
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I  may  be  permitted  to  give  an  account  of  these  experiments  also. 

These  experiments  were  carried  on,  otherwise,  as  the  first.  Again  I 
had  the  thoracic  and  abdominal  respiration  and  the  move- 
ments of  the  bladder  independently  recorded.  The  subject 
lay  comfortably  on  a  bed.  Here,  in  a  state  of  complete 
rest,  the  whole  carve  of  the  bladder  was,  at  times,  horizon- 
tal, showii^,  at  others,  slight  active  undulations.  To 
touch  the  hand  of  the  subject  lightly  sufficed,  however,  to 
produce  at  once  an  active  contraction  of  the  bladder. 
(See  Tin  the  curve  of  Fig.  4.) 

While  the  subject  was  lying  quietly  on  the  bed,  the 
clockwork  of  the  kymograph  was  wound  up  (see  (T).  The 
noise  resulting  was  entirely  unknown  to  the  subject,  but 
the  impression  sufficed  to  cause  itself  to  be  reflected  in 
the  bladder,  and  to  induce  a  contraction,  visible  in  the 
curve.  When  the  subject  was  addressed  (see  P),  it  could 
be  seen  that  the  bladder  contracted  immediately,  while,  if 
she  herself  spoke  (see  R),  a  series  of  such  contractioiiB 
■»  took  place.  All  these  contractions  are  movements  proper 
^  to  the  bladder.  As  was  shown  by  other  experiments  as 
well,  they  were  not  transferred  to  the  bladder  from  the 
abdominal  walls  or  from  the  diaphragm,  and  were  not, 
therefore,  passive  movements  F.  The  lower  line  Z'ma^a 
the  seconds. 

I  was  particularly  interested  in  the  movements  pro- 
duced in  the  bladder  by  purely  psychic  influences.  These 
are  shown,  e.g.,  by  the  following  experiment.  While  the 
girl  lay  quietly  on  the  bed,  and  respiration  was  quiet  and 
normal,  —  this  is  always  shown  by  the  curves,  — some  one 
said  to  her,  *'  Now  I'm  going  to  pinch  you,"  but  without 
doing  so.  Immediately  the  bladder  contracted,  without 
the  slightest  change  being  noticed  in  the  tiioracio  and 
abdominal  respiration.  After  rest  had  been  again  restored, 
a  jest  was  spoken  to  the  girl,  and  again  we  perceived  a 
contraction  of  the  bladder  on  the  curve,  without  seeing  an^ 
modiflc&tion  whatever  of  the  two  respiratory  curves. 

Beyond  all  doubt,  then,  the  contractions  of  ^e  bladder  which  we 
observed  were  movements  proper  to  that  organ  itself. 
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AH  these  phenomena  may  be  considered  the  most  delicate  reflex  move- 
ments which  occur  In  the  oi^anism.  I  was  particularly  interested  to  know 
what  influence  a  direct  activity  of  the  brain  would  exercise 
upon  the  movements  of  the  bladder,  and  I  carried  on  experi- 
ments to  that  end.  The  subject  had  only  a  slight  education; 
she  was  especially  a  bad  mental  arithmetician,  very  easy 
problems  in  arithmetic  causing  her  difficulties.  She  needed, 
therefore,  in  such  work  to  exert  her  brain  very  much. 

While  she  lay  quietly  on  the  bed  and  her  respiration  was 
quite  normal,  she  was  given  the  following  example  in  arith- 
metic: "How  many  e^s  are  seven  dozen?"  Immediately 
the  bladder  was  seen  to  contract  (Fi?*  ^)-  After  this  prob- 
lem was  solved  (see  TT),  we  had  her  multiply  in  her  head 
thirteen  by  twelve,  and  then  a  relaxation  of  tiie  bladder  was 
to  be  seen. 

I  noticed,  also,  that  merely  speaking  to  the  girl,  without 
her  answering,  was  sufficient  to  produce  a  contraction  of  the 
bladder. 

m. 

The  preponderatii^  activity  of  the  sympathetic  system 
in  the  emotions  is  so  great  that  the  brun  effort  is  not  able 
to  suppress  it.  Many  men  feel  a  contraction  in  the  abdomen 
when  they  look  down  from  a  tower  or  other  high  place. 
These  troublesome  sensations,  which  are  connected  with  the 
idea  of  a  possible  fall,  are  simply  caused  by  the  contraction 
of  the  bladder  and  the  intestines. 

When  we  investigate,  by  means  of  the  plethysmograph, 
the  movements  of  the  intestlaes  during  emotional  states,  we 
obtain  the  same  curves  as  we  receive  from  the  movementa 
of  the  blood-vessels  of  the  extremities  or  of  the  brain,  or 
from  the  movements  of  the  bladder.  All  these  facts  ena- 
ble us  to  understand  the  mechanism  of  the  emotions  better. 
EmoHo  agnifles  movement.  We  understand  now  that  the 
constant  and  fundamental  movements  taking  place  in  emo- 
tions are  the  movements  of  the  internal  organs  of  vegetative 
life. 

The  investigations  carried  on  in  my  laboratory  by  Dr.  Eiesow  have 
convinced  me  that  in  oertfun  emotions  the  blood  pressure  increases,  and 
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the  blood-vessels  and  smooth  muscular  fibres  contract  in  order  to  prevent 
the  blood  from  being  dammed  up  in  the  abdominal  cavity. 

In  order  to  increase  the  ciroulation  of  the  blood  in  the  brain  and  muscles 
our  bodily  machine  has  to  work  under  a  higher  blood  pressure.  This  end 
oould  be  attained  only  through  the  sympathetic  system,  which  sends  its 
fibres  every  where  to  the  smooth  musculature.  During  blnshing  a  paling 
of  the  skin  can  be  noticed  before  the  blood>vessels  expand,  and  the  blush 
proper  takes  place. 

In  the  study  of  the  emotions  l^e  reflex  movements  of  the  striped  mus- 
culature of  the  face,  the  extremities,  and  the  trunk  are  of  secondary  aigniS- 
cance  to  the  phyeiolc^pst.  They  are  simply  accompanying  phenomena 
and,  just  because  they  are  more  complicated,  less  fundamental. 

However  useful  the  first  reactions  of  the  nervous  system  are,  yet  we 
all  know  that  they  do  not  suffice  for  the  defence  of  the  organism  in 
strong  emotions.  The  nerve  substance  is  so  irritable  that  a  small  shock 
is  enough  to  disturb  the  equilibrium.  I  wiU  not  enter  into  detail  here, 
since  I  have  already  shown  in  my  book  <»  ^  Fear,"  bow  unstable  is  the 
equilibrium  of  the  nervous  system,  and  bow  easily  the  brain  and  the 
sympathetic  system  go  beyond  the  proper  measure  in  t^eir  activity  when 
danger  threatens,  and  existence  is  at  stake. 

Even  a  practiced  observer  is  often  unable  to  decide  from  tiie  gestures 
and  facial  e^nvasion  of  an  individual  whether  he  is  enraged  or  in  a  state 
of  the  greatest  joy. 

To  recall  the  expressions  of  two  so  opposite  emotional  conditions 
suffices  to  convince  us  that  the  reflex  phenomena  accompanying  them  are 
not  only  useless,  but  even  injurious.  Indeed,  in  great  pain  and  great 
pleasure  we  have  the  same  phenomena :  trembling  of  the  muscles,  secre- 
tion  of  tears,  expansion  of  the  pupils,  decrease  of  visual  acuity,  buzzing 
in  the  ears,  oppression  of  the  breathing,  palpitation  of  the  heart,  inability 
to  speak,  exclamations,  convulsive  movements  of  the  diaphr^pn,  etc.  All 
these  phenomena  are  injurious.  After  the  emotion  is  over  we  feel  nervous 
fatigue,  have  headache,  and  suffer  from  insomnia.  I  am  sorry  to  find  my- 
self in  this  matter  in  disagreement  with  Darwin,  but  I  cannot  concede  that 
the  unconscious  processes  ocourrii^  during  the  emotions  (at  least  the  best 
known  and  most  characteristic)  have  always  a  physiological  purpose. 

If  we  compare  the  expressions  of  pleasure  and  satisfnction  in  their  high- 
est degrees  with  those  of  pain,  it  will  be  seen  that  there  is  one  and  the  same 
mechanism  for  both.     In  my  book  on  "  Fear  "  I  have  shown  that  it  is  the 
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qaantit;  and  not  the  quality  of  the  excitation  which  disturbe  the  equilibriuiQ 
of  our  organism.  Only  the  procesBes  which  take  place  in  the  system  of  the 
great  aympathetio  are  purposive  and  advantageous  for  the  preservation  of 
life.  And  it  cannot  be  otherwise.  The  animals,  whose  involuntary  move- 
menta  preserved  them  from  destruction  in  danger,  won  in  the  struggle  for 
existence  over  others  who  possessed  in  less  marked  degree  this  capacity. 

Whatever  the  emotions  may  be,  we  always  see  that  in  these  states  the 
blood  pressure  increases,  the  heart  beats  become  stronger,  and  the  respira- 
tion deeper.  These  advantageous  effects  are  the  same  in  man  as  in  ani- 
mals, when  they  fix  the  attention,  are  passionately  excited,  curious  or 
jealous,  or  when  they  run  at  play  or  in  pursuit  of  prey. 

But  as  soon  as  the  emotion  becomes  more  intense,  the  equUibrium  of 
the  organs  ceases.  The  condition  of  excitability  is  increased  and  becomes 
more  complicated,  contractions  of  the  muscles  and  changes  in  the  sense 
oi^ans  take  place,  from  which  it  results  that  the  capacity  for  resistance  of 
the  onanism  is  lowered.  In  strong  emotions,  as  in  rage  and  anger,  we 
are  overpowered  by  unconBcious  and  discoordinated  movements,  and  a 
penetrative  and  irresistible  transformation  ocoius  in  us,  as  if  tiie  influ- 
ence of  education  bad  been  extinguished,  as  if  our  reason  had  suffered  an 
eclipse.  We  are  no  longer  able  to  suppress  the  internal  excitement,  the 
voice  refuses  its  of&ce,  and  we  utter  a  wild  cry.  Many  persons  in  such 
states  gnash  their  teeth  like  wild  beasts,  others  act  foolishly,  like  children. 

These  disturbances  occur  not  only  in  the  reflex  movements,  but  also 
in  the  conscious  processes,  and  more  even  in  the  latter  than  in  the  former. 
Education  has  taught  us  that  we  must  seek  to  master  and  to  oalm  our- 
sedves  during  this  internal  excitement,  for  in  these  states  we  lack  mental 
clearness  and  power  of  judgment,  and  consciousness  cannot  again  regain 
control  until  these  discoordinated  reflex  movements  have  ceased.  Even  the 
ancients  knew  that  strong  emotions  resembled  a  suddenly  occurring  sick- 
ness. The  legend  of  ancient  Rome  idealized  a  king  in  order  to  represent 
war.  They  gave  him  the  name  SotHlnu,  which  is  derived  from  hoatit. 
Tradition  further  informs  us  that  this  king  erected  a  temple  to  "  Pallor  and 
Fear,"  for  paUor  and  fear  were  looked  upon  as  malevolent,  destructive 
deities  who  must  be  appeased  in  order  that  the  soldiers  might  be  victorious 
in  batUe.'  

1.  A.  Homo.  Ueber  den  Kr^laof  des  Blatea  im  mwMohllcben  Oehime.  Letpdg,  1881. 
3.  A.  Mono  e  F«llaoui).  SullefunsloiildelUveaclk.  Hem.  d.  B.  Acokd.  dd  Linoel,  IBSL 
8.  E.  FiUa.    SUtlft  di  Bomo.    Torino,  1808.    Vol  L,  Parte  L,  p.  806. 


.y  Google 


.,  Google 


.,  Google 


Digitized  by  LjOOQIC 


.,  Google 


t  \_---  r^-«_.e^<' 


Digitized  by  LjOOQIC 


TVrv.ii; 


iiv 


'   ..^- :  l.r:M--N  :  —  I  h,-^^  Ut  pr  •-  v.t  "  ■ 

:  itiMl.ui.r.i   nf   th,;   },r.>s''.!l   si,.'.      -. 

',.  '.f   jciivf--.  ;■'■-  '■'■••■•'■!  Willi  no  .- 

V,-.-  .;.!i-;t  1'::.    "  i..i  '.!m1   .n.  nthii!.^'  : 

■1   tlill   tnr.-'j  :..   l.,p:i.r  o\ffi-   :--n   '.}■ 

.''..til,   l.u*,   ,li    I  -I     ilS    il    C'.il'''    ..'•   •■'":l 
:::..!,f.i;t..i   '  :  -  ..  !u.h'.  i!  J  .      \V      II.;.'    1 

^!-.i::..i...s  ai:.l  I.,  lilt!  r..i.i. 'i-i  In., 

iM  n,.t  Ij.-1-i'.u  li:Tu;    ci.-iriiii.!y  . 

,  i"^:.h   ii    ;it  ir:ox[-.I,ihn'(i  i-  ? 
■  ■-•■.■i-   .hn.'.,  :.    of  ]r,uii;m   kii-v. 

.    -■    -i  I   o.-    ■■■  '■.L.-t^  i:.v.,ai\. 
Asa.'.  -r.-rAL  K- 


■'.■I,  m       '^i- r  :iii.i  r: 


Digitized  by  LjOOQIC 


.,  Google 


HYPNOTISM   AND   CEREBRAL   ACTIVITX. 

Bt  FBOrcsBOB  Attqust  Foru» 

Qbhtlembn  :  • —  I  beg  to  present  to  you  as  few  hypotheses  as  poesiUet 
and  to  put  together  aa  far  as  feasible  merely  the  facts  which  must  form 
the  foundation  of  the  present  state  of  the  doctrine  of  hypnotism.  We 
cannot,  of  course,  get  along  with  no  explanatory  theory  at  all.  Before 
all,  we  must  maintain  that  everything  that  is  known  can  be  traced  alto- 
gether to  phenomena  of  brain  activity.  Everything  that  one  has  tried 
(and  still  tries)  to  bring  over  from  the  field  of  mysticism,  or  so-called 
occultisni,  has,  as  far  as  it  oonld  be  controlled,  turned  out  to  be  mistaken 
phenomena  of  brain  activity.  We  may  calmly  leave  the  rest  to  metaphysi- 
cal speculators  and  to  the  famous  breadth  of  the  im^^inary  knowledge 
of  the  ignorant.  Should  there  be  anything  in  telepathy,  for  instance, 
it  would  not  belong  here ;  certainly  its  representatives  would  have  to 
furnish  better  evidence  than  so  far  exists. 

That  much  is  yet  nnezphuned  is  perfectly  evident  —  as  obvious  as 
in  any  other  domain  of  human  knowledge.  It  does  not  follow,  how- 
ever, that  facts  should  be  ignored,  even  if  their  connections  present  many 
obscurities  ;  nor  can  we  respect  here  the  famous  dogmatic  line  of  division 
between  psychology  and  cerebral  physiology  with  the  traditional  awe, 
and  for  this  I  beg  to  excuse  myself  at  the  outset. 

Anatomioal  Foundation. 

However  difficult  it  may  be  to  this  day  to  grasp  even  the  rudiments 
of  the  relation  of  the  brain  as  an  oi^an  to  the  physiological  and  psycho- 
logical aspect  of  its  function,  we  should  not  cease  one  moment  to  work  on 
this  problem.  Nearer  and  nearer  we  must  get  to  it,  and,  truly,  what  has 
already  been  reached  stands  inspection  well  and  need  not  cause  us,  in  the 
least,  to  despair. 

We  know  to-day  that  there  is  only  one  kind  of  nervous  elements, 
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that  ia,  the  aeurotie,  the  cell  with  ita  fibre  and  branched  processes.  Whea, 
in  1886-87,  about  the  same  time  as  His,  I  first  put  forth  this  view  aa 
a  probable  hypothesis  on  the  ground  of  numerous  facts,  I  had  no  idea 
that  three  years  later  my  illustrious  colleague,  S.  Ramdn  y  Cajal,  would 
establish  the  matter  histologically  in  such  a  beautiful  and  concluBire 
manner.  The  nerve  elements  do  not  anastomose,  as  was  formerly  be- 
lieyed,  but  touch  one  another  by  rami^ring  branches,  end-baskets,  arbor- 
izations, etc.  Every  nerve  fibre  (axone),  tt^ther  with  its  ramifications, 
is  merely  a  part  of  the  protoplasm  of  a  certain  cell.  Further,  Schiller 
showed  in  my  laboratory  that  the  number  of  nerve  elements  in  the  new- 
bom  (oculomotor  nerve  of  the  cat)  was  approximately  as  large  as  in 
tihe  adult,  and  that  only  the  caliber  of  the  medullary  fibres  differed 
enormously.  Since  it  appears  certain  that,  in  a  lifetime,  destroyed  ele- 
ments of  the  central  nervous  system  are  never  replaced  by  newly  formed 
ones,  we  may  draw  the  conclusion  that  the  nerve  elements  of  au  old 
person  are  the  same  as  those  of  his  childhood,  a  point  very  important 
for  the  theory  of  memory. 

A  matter  of  further  importance  is  the  relation  of  chromatic 
reaction  of  the  nerve  oeU,  established  by  Nissl,  to  the  details  of  its 
fiiner  structure.  The  fibrils,  already  recognized  by  t.  Eupffer,  Schultze, 
Xjcydig,  and  others,  and  the  chromatic  bodies  present,  as  it  were,  ele- 
ments of  a  second  order,  which  increase  considerably  the  complication 
of  nerve  structure  and  open  new  perspectives.  The  same  holds  for  the 
change  of  cell  structure  after  exhausting  activitrf,  demonstrated  first  by 
Dr.  Hodge  of  this  UniTeraity,  and  for  the  grave  changes  due  to  the 
use  of  alcoholic  beverages  established  by  many  investigators — an  addi- 
tional reason  why  we  should  banish  those  abominable  social  and  indi- 
vidual nerve  poisons  from  human  diet. 

Hand  in  hand  with  the  progress  mentioned,  we  notice  the  advances 
in  the  recognition  of  local  structural  conditions  in  the  brain  of  man 
and  animeds,  of  systems  of  neurones,  etc.,  especially  through  y.  Gud- 
den's  method  of  experimental  atrophy;  but  also  by  direct  anatomical 
study.  The  works  of  Bejerine  and  Mme.  BSjerine-Klumpke,  and  of 
Kolliker,  are  encyclopaedic  monumenta  of  those  researches.  I  mention 
further  the  doctrine  of  localization  built  up  by  Broca,  Hitdg,  Ferrier, 
Munk,  etc.,  which  can  only  lead  slowly  to  a  clear  and  objective  under- 
standing of  the  whole  in  connection  with  an  accurate  knowledge  of  anat- 
omy, of  pathology,  and  of  the  experimental  method  of  v.  Ondden.     At 
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the  same  time,  we  mtiBt  always  guard  ottrBelTes  agunat  speoulatioiis  bnilt 
on  insafficient  and  unsafe  ground,  snoh  as  the  recent  doctrines  of 
Flechfiig.  While  it  is  possihie  to  establish,  to  a  great  extent,  the  func- 
tion of  the  peripheral  nerves  and  their  nuolei  of  origin  by  direct 
observation  and  experiment,  and  while  we  have  also  a  certain  direct 
access  to  the  study  of  the  spinal  cord,  we  recognize  the  function  of 
the  cerebral  cortex  in  two  ways :  (a)  by  physiological  experiments  and 
investigationB ;  (fi)  by  so-called  introspective  or  psychological  observa- 
tion and  experiments.  But  the  mutual  relations  of  sensory  stimulation 
and  muscular  action  to  the  hemispheres  must  also  be  observed  both 
psychologically  and  physiologically.  If  I  prick  some  <aie,  the  aubae- 
qnent  reflex  contraction  is  observed  by  me  phyaiologioally ;  whereas 
the  character  and  intensity  of  the  pain  which  the  person  claims  to  feel 
can  only  be  measured  by  him  on  the  psychological  side.  I  see  and  hear 
his  answers  physiologically  only,  but  make  oat  their  sense  psycho- 
logically only,  etc. 

If  we  consider  more  accurately  this  continual  interaction  between 
psychological  and  physiolf^cal  phenomena  in  the  light  of  our  knowl- 
edge of  the  brain,  we  are  bound  to  become  sure  of  one  thing,  viz. 
that  there  is  a  dark  field  between  tiie  subjectively  accessible,  psycho- 
logical, sentient,  and  perceptive  parts  of  the  hemisphere  cortex,  and 
those  representing  the  physiologically  accessible,  sensory  receiving  sta- 
tions and  the  motor,  or  eEFerent,  mechanisms  of  motion.  In  this  dark, 
intermediate  field,  powerful  accumulations  of  stimuli  of  an  unconscious 
nature  must  go  on,  and  obscure,  instinctive  automatic  mechanisms, 
inherited  from  our  animal  ancestors,  must  work  and  influence  us  un- 
consciously to  a  great  extent  in  the  shape  ^f  impulses  and  feelings. 
We  are  driven  to  assume  that  the  great  ganglionic  nerve  centres  of 
the  base  of  the  brain,  corpora  striata,  thalami,  pons,  tegmentum,  cere- 
bellum, must  play  a  part  utterly  obscure,  which  perhaps  might  clear 
up  many  points,  if  we  could  penetrate  more  deeply.  Unfortunately 
this  point  is  still  far  from  accessible,  since  the  fragments  furnished  by 
physiology  are  hardly  fit  to  be  digested. 

We  should  not  forget  in  this  whole  question  what  recent  investiga- 
tions have  demonstrated,  viz.  that  the  field  of  expansion  of  a  single 
nerve  element,  a  neurone,  may  be  very  large.  Just  think  of  a  Betz- 
cell  of  the  central  convolutions,  the  nerve  process  of  which  reaches 
through  the  corona  radiata,  the  cms,  pons,  and  pyramid,  as  far  as  the 
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spinal  cord,  or  of  a  cell  of  the  anterior  horn  of  the  lmn1>ar  cord, 
whose  process  reaches  mnaclea  of  the  foot.  Thus,  nenrones  of  varied 
significance  and  destination  cross  and  interweave  in  a  thonaand  ways 
in  the  central  and  in  the  peripheral  nervous  systems,  in  order  to  form 
the  wonderful  machinery.  One  sees,  from  this  alone,  how  brutal  and 
defective  the  physiological  experiments  in  the  brain  most  be,  and  how 
indefinite  the  physiological  concept  of  a  "centre"  is. 

PHTBIOLOGICAL  ReMAEEB. 

There  is  bat  little  in  the  old  nerve  physiology  that  can  be  used 
to-day,  because  it  rested,  to  a  great  extent,  on  erroneous  histological 
concepts.  We  must  accept  the  well-known  fundamental  facts  concern- 
ing stimulation,  inhibition,  reflexes,  etc.,  and  also  the  results  of  the 
pioneers  of  brain  physiology,  Flourens,  Magendie,  Vulpian,  Dnchenne, 
etc.  We  may  conceive  that  the  brain  is  a  powerful  accumulator,  a  kind 
of  very  highly  complicated  dynamo,  in  which  a  still  enigmatical  physico- 
chemical  wave-like  power  prevails,  for  which  I  have  used  the  expression 
" neurokyme,"  (the  "force  neurique"  of  the  French).  This  force  does 
not  cause  any  motion  of  the  masses,  and  consequently  belongs  to  tiie  type 
of  molecular  motion,  or  vibration,  as  is  shown  by  its  great  velocity  of 
conduction.  Its  action  leaves  in  the  cell  visual  changes  in  the  form 
of  material  signs  of  exhaustion.  It  may  be  accumulated  as  enei^  by 
ao-called  mechanisms  of  inhibition,  and  agiun  be  discharged  in  definite 
channels  by  what  Exner  oalls  "Bahnung."  In  this  connection,  O.  Vogt 
has  justly  insisted  on  the  important  fact  that  in  excessive  stimulation 
the  effect  is  often  suddenly  stopped  because  a  radiation  of  neighboring 
centres  of  neurones  takes  place,  which  is  apt  to  lead  away  the  entire 
nenrokyme,  if  those  centres  are  more  easily  excitable.  In  this  way  it  is 
in  a  manner  possible  to  understand  associative  activity.  To  enter  upon 
detail  would  lead  too  far ;  but  I  beg  to  say,  in  a  general  way,  that  it  is 
well  known  that  certain  functions  become  much  easier  and  stronger  after 
a  while  through  practice;  whereas,  in  an  obscure  but  very  frequent 
manner,  on  the  Other  hand,  certain  single  impulses  may  leave  behind 
lasting  inhibitions,  or  stimuli,  and  perhaps  disorders  of  function  which 
may  take  a  patholc^cal  character,  and  seriously  tantalize  the  victim. 
Such  points  were  used,  a  few  years  ago,  by  Breuer  and  Freud  in 
Vienna,  for  the  fonndation  of  their  doctrine  of  arrested  emotions,  which. 
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onfortuiiately,  was  developed  into  a  one-sided  syetem,  although  it  started 
from  correct  facts.  Thus  especially  violent  affects  are  apt  to  leave  be- 
hind all  sorts  of  nervous  disorders  (convulsions,  paralysis,  pains,  dyspep- 
sia, menstrual  disorders).  Brener  and  Freud  tried  to  lead  the  patients 
in  a  hypnotic  condition  to  the  causative,  frequently  forgotten,  and  fre- 
quently sexual  moment  of  the  trouble,  to  make  them  dream  over  that 
moment  and  to  give,  once  and  forever,  a  counter  suggestion,  curing  the 
disorder.     In  many  cases  this  works  ;  but  by  no  means  always. 

Before  all,  we  must'  acknowledge  with  Isidore  Steiner  that  the 
greatest  nerve  centre  has  the  dominant  position  in  this  interaction  of 
the  neurokymes,  owing  to  its  greater  moae.  It  becomes  the  guide  and 
director  of  the  whole,  and  the  activity  of  the  other  centres  is  brought 
into  subjection.  Steiner  proved  this  by  a  clever  experiment  on  a  fish, 
and  showed  that  in  those  animals  the  mid-brain,  and  not  the  fore-brain, 
ifi  the  director  and  the  soul  of  the  animal ;  consequently  it  is  not  the 
morphological  homology  which  decides  the  absolute  anatomical  size  or 
physiological  strength,  and  hence  the  eminently  important  fact  that  the 
relative  size  of  the  individual  pf^t  of  the  central  nervous  system  is  of 
great  importance  for  the  relative  independence  or  dependence.  We  see 
the  proof  for  this  fact  in  the  comparative  physiology  of  the  animal  series. 
The  spinal  cord  and  gai^lia  are  far  more  independent  in  the  lizard  than 
in  the  rabbit ;  mnch  more  independent  in  the  latter  than  in  the  dog ;  and 
in  the  dog,  mnch  more  independent  than  in  man.  In  man  these  organs 
have  become  the  subordinated  servants  of  the  hemispheres  and  totally 
dependent,  although  their  structure  is  mudi  more  complicated  than  in 
the  lizard. 

We  need  not  wonder,  therefore,  if  the  function  of  these  lower  centres 
is  governed  and  influenced  most  powerfully  by  the  dynamics  of  the  fore- 
brain  just  named,  even  when,  as  in  the  sympathetic  only  loose  connection 
exists,  such  as  wonld  suggest,  ordinarily,  a  greater  independence. 

How  is  a  neurokyme,  which  spreads  over  an  axone,  transferred  from 
one  neurone  to  the  others  by  the  contact  of  dendritic  ramifications? 
Duval  thinks,  by  an  amoeboid  motion  of  the  dendrites,  and  we  read  that 
lately  such  motions  have  been  directly  observed  in  transparent  animals. 
This  hypothesis  seems,  however,  quite  immature  as  yet.  It  does  not 
explain  the  extreme  rapidity  of  the  conduction  of  the  nenrokyme.  The 
functional  play  of  the  neurones  is  better  explained  by  pure  molecular 
motion,  as,  for  instance,  in  electricity.     It  would  seem  that  these  hypoth- 
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eses  are  qaite  premattiTe,  and  we  muBt  wait  for  actual  progress  in 
observatioiis. 

finally,  we  mast  maintaia  the  fundamental  iaat  of  memory,  o(ni8oioiis 
or  tmooQBcious,  viz.  the  residoal  of  a  dynamic  trace  of  erery  nerve  activ- 
ity. Such  a  trace  always  facilitates  the  repetition  of  a  oorrespoudlng 
activity,  even  if  it  should  be  forgotten  suhsequently,  and  the  entire 
aetivity  may  be  called  forth  aj^ain  by  the  effect  of  the  stimulus  merely 
associated  with  the  first  one  ;  for  inatanoe,  ordinary  remembrance.  Or- 
ganic memory  is  independent  of  coneciousneaa  and  is  the  same  for  motor 
83  for  sensory  and  central  aotivitieB,  and  even  for  reflexes  and  functions 
of  the  sympathetio. 

Sleep  and  Wakesq  State — OoKSCioiTBifBss. 

Man  is  normally  limited  to  two  states  of  his  brain  life :  sleep  and 
waking  condition.  PhysiologioaUy  considered  sleep  means  a  relative 
rest  from  cerelnal  activity  with  recuperation  of  the  exhausted  neurones 
by  chemical  synthesis,  whereas  in  tiie  waking  state  processes  of  oxidation 
predominate.  This  is  certain  beyond  doubt,  but  to  draw  the  conclosion 
that  sleep  is  called  forth  by  the  formation  of  fatigue  products,  such  as 
lactic  acid,  or  that  sleeplessness  could  be  cured  by  swallowing  lactic  acid, 
as  Freyer  did,  is  to  become  a  victim  of  fallacies. 

It  does  not  tc^e  much  acuteneas  of  observation  to  see  that  there  is  a 
form  of  sleep  which  is  not  rest,  and  that  the  brain  can  rest  fairly  well 
even  in  the  waking  state.  Further,  one  may  sleep  much  and  excessively 
though  not  exhausted,  and  again  may  keep  awake  in  a  state  of  cerebral 
exhaustion.  Again,  every  unprejudiced  observer  must  be  struck  with 
the  osuaUy  rather  sudden  qualitative  change  in  the  attitude  of  a  wak- 
ing and  of  a  sleeping  person.  That  sleep  is  readily  called  forth  by 
certain  associations,  regular  hours,  etc.,  is  also  obvious.  Finally,  dreams 
give  us  a  chance  to  look  into  the  life  of  sleep  from  Qxe  psychological 
side. 

All  these  factors  tend  to  present  sleep  as  a  state  of  qualitatively  modi- 
fied cerebral  activity.  This  is,  however,  only  intelligible  in  connection 
with  the  concept  of  consciousness. 

It  was  a  fundamental  mistake  of  practically  all  physicians  and  most 
psychologists,  to  think  of  conscionsness  as  a  something,  as  a  form  of  cere- 
bral  activity,  i.e.  to  confuse  the  plastio  concentrative  activity  of   our 
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ottenHon  with  the  pmi£ed  phenomenon  of  tvijeetivenett.  We  will  not 
quarrel  over  worda.  I,  for  one,  am  satiafiedto  be  able  to  rest  my  view  on 
snch  a  psychologist  as  Spencer.  If  any  one  cares  to  use  the  word 
"  conBoloosneBs  *'  in  any  other  sense,  he  may  do  so  as  long  as  he  gives  os 
another  word  for  that  which  I  onderstand  to  be  oonsciousness,  viz.  tho 
phenomenon  of  the  inner  reflection  of  the  ego,  the  subjective  side  of  the 
phenomena.  Slight  activities  of  the  brain,  as  well  as  violent  ones,  are 
reflected  by  it  and  become  "  conscious  "  ;  but  equally  violent  activities 
teem  not  to  become  conscious;  they  remain  "unoonBoious."  Conse- 
quently we  are  forced  to  distinguish  between  a  conscious  and  an  uncon- 
scious life  of  the  brain. 

The  entire  discord  of  the  phenomena  rests  oa  the  peculiar  facts : 
(1)  that  the  activity  of  the  brain  does  not  take  place  in  one  single  conti- 
nuity and  connection,  that,  for  instance,  two  subjective  reflexes  may  occur 
simultaneously  without  being  connected  or  "  associated,"  so  that  the  one 
does  not  know  of  the  other  and  one  is  unconscious  in  reference  to  just 
that  other  reflex  ;  (2}  that  everythii^  which  is  subjectively  "forgotten" 
drops  out  of  the  connection  of  consciousneHS  so  that  amnesia  and  uncon- 
sciousness are  conldnnally  confused. 

The  resulting  fallacies  are  evident ;  we  always  call  unconscious  such 
actions  or  states  of  the  brain  as  were  conscious  and  appear  to  us  to  be 
forgotten,  or  which  were  illuminated  by  a  consciousness  other  than  oar 
ordinary  remembered  consciousness. 

In  order  to  be  concise,  I  venture  to  offer  a  hj^theeis  which  agrees 
very  well  with  all  the  facta  :  Every  nerve  activity  is  conscious,  t.«. 
possesses  internal  reflection ;  but  these  reflections  are  by  no  means  all 
capable  of  remaining  in  a  synthetical  connection  with  one  another. 
For  this  we  need  a  more  intense  associated  activity,  especially  where  the 
connection  is  to  be  fixed  by  memory.  Everything  which  appears  no 
longer,  or  not  at  all,  in  this  connection,  loeee  the  subjective  connection 
with  our  memory  ego,  and  we  erroneously  deem  it  unconscious,  whether 
it  be  a  past  or  actnal  activity  of  the  hemisphere,  or  only  one  of  the  sym- 
pathetic or  of  the  spinal  cord.  In  order  to  express  auch  a  view  consist- 
ently we  most :  — 

a.  Eliminate  the  word  "  unconscious,"  and  replace  it  by  "subconscious  '* 
or  "otherwise  conscious." 

h.  Accept  a  multiplicity  of  fields  of  conscionsness,  or  consoionsnessea^ 
the  contents,  t.e.  the  illuminated  cerebral  activities,  of  which  are  physio- 
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logically  connected  and  influence  one  another  subjeotivelj,  according 
to  the  kinda  of  BctiTities  underlying  them ;  they  are  only  rarely,  or 
partially,  or  never  connected  (associated).  That  eubjective  aasooiations 
require  higher  intensity  and  more  syntheus  than  the  objectiTe  (physio- 
logical) ones  has  been  ahown  by  psycholt^  (Hoffdiog). 

c.  Consider  all  brain  activity  as  completely  independent  of  the  aocom- 
paoying  (subjective)  illuminations  by  consoioosness,  whether  it  appears  to 
us  psychol(^cal  or  physiologicaL  This  is  theoretically  possible,  at  least 
for  psychological  phenomena. 

d.  Consider  the  word  "  consciousness "  as  the  expression  of  an  inner 
aspect  of  life,  not  as  the  name  for  fmy  special  thing,  an  activity,  a 
peculiarity.  We  use  the  words  "energy"  and  "matter"  in  a  similar  way; 
there  is  no  energy  without  matter,  as  little  as  matter  without  energy.  In 
the  same  way  consciousness  is  our  sense  is  nothing  in  itself,  but  merely 
the  subjective  aspect  of  brain  life,  an  aspect  probably  common  to  all  life. 

If  we  adhere  to  what  is  said,  we  find  sleep  intelligible.  We  observe 
the  following  in  the  condition  of  sleep :  — 

1.  The  cerebral  activity  is  highly  dissociated.  The  ideas  follow  one 
another  in  a  chaos  which  does  not  correspond  any  longer  to  the  connec- 
tion of  things  in  the  actual  world.  Things  which  exclude  one  another  in 
reality  appear  identical,  and  the  reverse.  My  friend  may  be  at  once  a 
dog,  water,  or  a  piece  of  wood.  I  may  be  simultaneously  dead  and  mar- 
ried, or  simultaneously  in  Europe  and  America,  or  see  my  head  before  me 
at  a  distance  of  twenty  yards.  If  you  study  this  dissooiation  more  dosely, 
you  readily  see  that  it  affects  not  only  the  logical  sequence  of  higher  con- 
cepts, but  the  very  make-up,  even  the  constituents,  of  perceptions.  The 
notion  of  time  and  place,  the  mngle  (usually  subconscious)  sensations  con- 
stituting a  perception,  are  frequentiy  disjointed,  and  dance  together  a 
veritable  Walpurgis  dance.  Again,  there  prevail  powerful  inhibitions 
which  prevent  all  orderly  association  and  keep  us  in  an  oppressive  despair 
and  impotence.  The  same  chaos  prevails  in  the  field  of  emotions  and  of 
volitions,  but  here  the  inhibition,  or,  in  the  emotions,  powerful  ebollitions 
predominate. 

2.  The  conceptions  of  dream  life  are  hallucinations.  When  asleep  we 
no  longer  distinguish  between  perception  and  spontaneous  conception. 
The  sensory  stimuli  either  do  not  become  conscious  at  all  or  they  are  alle- 
gorized; on  the  other  hand,  aU  perceptions  appear  as  actual  happenings. 
Moreover,  the  concept  of  a  motion  is  usually  not  capable  of  eliciting  the 


.,  Google 


Hypnotism,  417 

oorrespoodlng  actual  iniuoalar  oontractioii.  It  is  merely  represented  hj 
a  motor  hallucination. 

8.  Since  there  are  no  corrective  concepts,  some  emotions  and  ideas 
may,  in  this  condition,  obtain  an  enoimous  power,  OTercome  obstacles 
tmsurmoantable  in  the  waking  condition,  and  hence  produce  especially 
intense  conseqaencea.  Just  think  of  the  evil  afteiveffeots  of  dreams,  of 
nocturnal  pollations,  etc. 

Duval  has  lately  ventured  to  make  a  new  hypothesis  of  sleep.  He 
believes  that  all  the  terminationB  of  the  neurones  are  in  active  contact 
during  the  waking  state  by  some  kind  of  amteboid  activity.  Daring 
sleep  he  thinks  they  simply  withdraw,  so  that  the  contact  ceases.  What 
a  beautiful  and  simple  explanation  for  all  the  dissociations  and  elimina- 
tions of  all  the  senses  I    For  the  time  being  tiiis  view  is  a  mere  hypothesis. 

Nothing  demonstrates  so  thoroughly  the  deficiencies  of  Weber's  and 
Fechner's  psycho-physical  law  as  sleep.  There  are  too  many  intermediate 
forces  between  the  *'  subject "  and  the  measurable  external  stimuli.  Heer- 
wagen,  for  instance,  tried  to  measure  the  intensity  of  sleep  by  the  inten- 
sity of  a  noise  necessary  to  wake  the  sleeping  person  I  These  two  quan- 
tities are  practically  without  any  connection.  Everything  depends  on 
the  kind  of  association.  The  same  sleeping  person  can  be  aroused  by  a 
very  slight  unusual  sound,  while  the  greatest  noise  need  not  disturb  the 
sleep.  Heerwagen  further  tried  to  make  statistics  on  dreams  by  asking 
people  for  them ;  but  he  forgot  that  most  dreams  are  forgotten,  and  that 
the  forgetting  of  dreams  and  the  "  not  dreaming  "  are  two  utterly  differ- 
ent things.  I  am  convinced  that  everybody  dreams  all  the  night  through. 
I,  myself,  if  I  observe  myself  at  all,  cannot  be  aroused  at  any  time  of  the 
night  without  just  having  dreamed. 

Finally,  there  are  all  degrees  of  sleep,  from  the  lightest,  best  asso- 
ciated, to  the  deepest.  The  former  shows  all  transitions  to  the  waking 
state.  The  difference  in  the  cerebral  activity  during  the  sleeping  and  the 
waking  condition  implies  a  corresponding  difference  of  the  contents  of 
oonsoionsnesB.  We  consequently  have  two  tdternating  conscious  states 
every  day  and  every  night,  and  our  ego  is  quite  characteristic  in  each. 
A  good  trustworthy  man  may  become  a  thief,  a  murderer,  and  a  licentious 
person,  a  courageous  man  may  be  cowardly  during  sleep,  etc.  We  usually 
forget  our  dreams  owing  to  the  dissociation,  so  that  our  two  states  of 
consciousness  in  sleeping  and  waking  condition  show  only  a  slight  and 
fragmentary  connection.    Not  infrequentiy  we  find  somnambulists  who  act 
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in  a  coordinate  nuumer  daring  sleep.  One  who  did  all  aorta  of  house- 
work in  her  sleep  was  very  tired  after  it,  but  did  not  remember  anything. 
This  is  also  the  rule  in  the  very  frequent  Bomnambulism  of  ahildren. 
Out  of  such  an  orderly  activity  of  a  sleeping  brain,  t.e.  out  of  tlie  spon- 
taneoua  somnambuliam,  originates  an  extraordinary  and  especially  instruc- 
tive form  of  double  ooosciousness,  sach  as  has  been  described  by  MoNish, 
Azam,  Dessoir,  and  myself. 

In  my  case  (see  ZeUtehr^  fUr  B^pnoti»mu$,  1898),  a  Grerman  made 
an  eight  months'  journey  to  Australia  and  back  without  in  the  least 
remembering  it.  The  amnesia  of  retrograde  and  antegrade  character 
came  on  after  dengue  fever.  Later  I  was  able  to  revive  the  memory  by 
suggestions.  It  was,  however,  impos»ble  to  establish  a  connected  associ- 
ation between  the  two  visits  to  Melbourne  on  his  journey  out  and  back. 
Those  two  Melboumes  remained  for  him  two  entirely  different  cities. 


The  Data  op  Hypnotism. 

At  all  times  in  the  history  of  mankind,  hypnotism  has  played  a  great 
idle.  Magicians,  miracles,  miraculous  cures,  sorcerers,  the  fakirs  of 
India,  are  so  many  proofs  of  this.  The  principal  fact  was  always  the 
apparent  and  subsequently  also  actual  power  of  certain  persons  over 
others,  the  ecstatic  catalepsy  or  sleep  produced  by  them,  the  asserted 
prophecies  of  the  hypnotized,  the  cure  of  diseases,  the  miracles,  etc.  A 
mf^nificent  instance  of  hypnotic  influence  may  be  found  in  the  history  of 
King  Zoroaster  (cf.  StoU's  book  on  this  topic).  In  the  beginning  of  this 
century  Mesmer  thought  to  have  discovered  a  new  natural  law  in  those 
phenomena,  a  new  "  fluid,"  which  he  assumed  to  be  magnetism.  Espe- 
cially in  living  beings  be  called  it  animt^  magnetism.  He  produced  hys- 
terical convulsions  usually  by  contact  of  men,  finEdly  "nu^netized"  trees 
and  did  other  absurd  things!  but  also  cured  a  number  of  patients.  Con- 
demned by  the  French  Academy  as  an  obvious  fraud,  he  came  to  a  sad  end. 
But  he  retained  adherents.  One  of  tiiem,  Puysegur,  discovered  the  quiet 
hypnotic  sleep.  They  all  adhered  to  the  belief  in  a  mysterious  magnetic 
fluid.  Braid,  an  English  physician,  was  the  first  to  take  a  great  step 
toward  a  scientific  elucidation  of  the  question.  He  found  that  tiie 
whole  series  of  phenomena  depended  not  on  a  flnidum  coming  from  the 
outside,  but  on  the  brain  and  nervous  system  of  the  person  influenced. 
The  very  title  of  his  book, "  Nenrohypnology,"  shows  this.    He  found  that 
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certain  atimnli  and  also  oertain  ideas  oould  prodnoe  this  ohaiig«d  cerebral 
state,  hypnotism.  By  this  ha  had  establiahed  the  principal  fact,  but  be 
made  a  mistake  in  the  method  bj  ascribing  a  capital  role  to  the  periph- 
eral stimuli,  jost  as  Charcot  did  later  on.  He  hypnotized  with  brill- 
iant objects,  and,  therefore,  did  not  obtain  thoroughgoing  results. 
These  we  owe  to  Liebaalt,  at  Kancy,  and  to  his  mbdioally  and  philosoph- 
ically highly  educated  friend,  Profeaaor  Bemheim.  The  doctrine  of 
Liebault  and  Bemheim  has  placed  hypnotism  among  tbe.fields  for  scien- 
tific research,  from  which  it  will  not  disappear  again.  '  This  doctrine 
reduces  hypnotism  to  the  concept  of  suggestion.  In  this  light  we  shall 
mention  briefly  the  principal  manifestations. 

The  fact  that  in  falling  asleep  or  awaking  the  entdre  mode  of  brain 
activity  is  suddenly  altered,  gires  as,  I  believe,  the  key  to  an  under- 
standing of  hypnotism.  Conoeive  some  means  by  which  we  are  able  to 
produce  those  two  kinds  of  activity  according  to  our  needs,  and,  more- 
over, to  localize,  —  to  limit  them  to  certain  fields,  —  and  you  see  before 
you  almost  the  entire  series  of  hypnotic  phenomena.  For  this  purpose 
you  should  merely  be  able  to  direct  the  cerebral  activity  of  your  neighbor, 
inhibit  and  facilitate,  associate  and  dissociate.  This  actually  happens 
by  means  of  evoking  certain  concepts,  which  are  known  to  lead  most 
easily  to  dissociation.  A  priori,  this  may  appear  peculiar  and  improbable. 
As  a  matter  of  fact,  it  is  exceedingly  simple  and  common.  All  human 
beings  are  naturally  more  or  less  suggestible  and,  therefore,  hyjmotizable, 
although  not  all  are  equally  influenced  by  others.  Everything  that  pro- 
duces the  concept  of  sleep,  everything  that  makes  man  passive,  or  throws 
him  into  ecstasy,  Etdmiration,  or  confidence,  may  be  used  by  the  rapid  and 
concentrated  action  of  the  hypnotizer  to  dissociate,  inhibit,  or  stimulate, 
any  activity  of  his  subject, — it  may  produce  the  desired  and  foretold 
effect,  the  mechanism  of  which  remains  subconscious  in  the  person  influ- 
enced. It  is  especially  advantf^ous  to  b^in  with  such  effects  as  are 
readily  obtuned.     This  ia  the  principle  of  Liebault's  ntethod. 

For  instance,  I  yawn;  it  becomes  "infectious."  Another  yawns; 
with  him  it  has  the  effect  of  a  suggestive  influence.  He  yawns  because  I 
yawned ;  however,  he  remains  subconscious  of  the  mechanism  which  pro- 
duces the  yawning.  Now,  I  uae  the  beginning  dissociation,  and  tell  him 
rapidly  and  with  assurance :  "  You  are  quite  sleepy,  you  cannot  keep  your 
eyes  open,  you  cannot  open  them,  you  have  a  warm  feeling  in  your  feet ; 
look  at  me ;  you  are  already  asleep,  your  aims  are  heavy,"  etc.    Quite  f  re- 
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qaently  the  subject  will  feel  aad  even  shov  the  one  or  the  other  of  these 
phenomena.  If  he  is  veiy  su^eatible,  he  will,  perhaps,  be  asleep  in  a 
few  secondfl,  to  the  surprise  of  those  around.  This  sleep  is,  however,  dia- 
tinguiahed  from  ordinary  sleep  by  remaining  under  my  direction,  i.e.  by 
my  remaining  in  connection  with  Uie  sleeper  through  his  hearing.  As 
soon  aa  I  have  reached  this  point  a  further  mastership  over  his  oerebra- 
tioD  is  an  easy  matter.  I  take  his  arm,  lift  it,  and  declare  that  he  cannot 
lower  it ;  and  he  cannot  with  all  his  efforts.  I  pat  both  hands  into  a 
rotating  motion,  and  he  cannot  stop  without  my  permiasion.  I  declare 
that  his  hand,  which  I  touch,  is  not  sensitive,  and  no  prick  of  a  needle  is 
felt  any  longer.  I  give  him  water  to  drink,  declaring  that  it  is  chocdate ; 
he  tastes  the  chocolate.  I  tell  him  to  open  his  eyes,  make  the  dead 
appear  before  him,  make  him  hear  music  which  does  not  exist,  assure  him 
that  he  is  a  piece  of  wood,  another  person ;  in  short,  any  fantastao  non- 
sense ;  he  feels  it,  believes  it,  lives  through  it.  I  awake  him  when  I  want 
to,  put  him  aaleep  by  another  word  in  a  quarter  of  a  second,  and  allow 
him  to  either  remember  or  forget  everything  that  has  been  stud  or  done 
to  him.  In  short,  I  make  his  cerebration  play  as  in  a  dream,  but  fol- 
lowing my  orders,  surprise  himself  and  all  the  spectators,  and  gain  with 
the  public  the  name  of  an  aocomplighed  magician.  The  whole  trick  con- 
sists in  getting,  to  start  with,  an  easily  suj^j^estible  person,  readUy 
passing  into  somnambulism.  If  one  is  shown  to  be  hypnotized,  the 
others  follow  like  the  sheep  of  Panurge.  The  case  described  was  that  of 
a  person  easily  put  into  artificial  somnambulism.  He  need  not  be  a  spon- 
taneous somnambulist  for  tliis  purpose.  The  latter  are  rather  rare, 
whereas  fully  twenty-five  per  cent  of  mankind  can  be  thrown  into  arti- 
ficial somnambulism.  The  spontaneous  Bom  nambnl  i  ftm^  however,  usually 
represents  the  autohypnosis  of  a  hysterical  person. 

With  others  the  matter  is  slower  and  more  difficult,  althoi^h  it  is 
facilitated  by  example  (imitation).  Many  suggestions  may  at  first  be 
without  effect ;  but  with  patience  and  practice  one  obtains  at  least  a  par- 
tial influence  in  ninety-six  per  cent  of  men.  The  person  to  be  hypno- 
tized most  be  neither  insane  nor  in  a  state  of  emotion,  of  excitement,  or 
fear.  He  must  before  all  be  treated  in  a  friendly  and  quieting  manner. 
Flies  are  caught  with  honey.  First  you  must  gain  his  confidence.  Put 
him  into  a  comfortable  easy-chair,  the  head  resting ;  put  the  right  hand  on 
the  forehead,  tell  him  to  look  into  your  eye,  and  explain  to  him  that  you 
are  going  to  let  him  fall  asleep,  or,  at  least,  to  influence  him.    According 
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to  Bemheim,  you  liave  him  look  at  two  fingers  of  the  left  hand,  after  a 
few  BBOondfl  lower  them  slowly  in  order  to  make  the  eyelids  sink  and,  if 
the  eyes  do  not  close  by  themselves,  yoa  order  them  to  be  shut.  Then 
yon  begin  with  easy  suggestions,  and  pass  to  more  difScult  ones  as  soon 
as  the  others  succeed.  By  no  means  all  suggestions  aucoeed  with  all 
people.  According  to  the  success  of  the  more  important  categories,  one 
may  distinguish  three  or  four  degrees  of  hypnotism,  of  course  with 
numerous  transitions: — 

1.  Somnambulism,  in  which  practically  everything  succeeds. 

2.  Deep  sleep,  in  which  at  least  amnesia  for  the  time  of  the  hypnosis 
is  obtained. 

S.  Hypotaxia,  in  which  t^  hypnotized  yield  to  most  su^festions,  but 
have  the  subjective  feeling  of  being  awake  and  remember  everything 
afterward. 

4.  Somnolence,  in  which  only  few  suggestions  succeed,  and  in  which 
the  hypnotized  can  resist  with  some  effort. 

There  are,  however,  oases  of  deep  sleep  with  little  suggestibility  and, 
Bgun,  others  of  simple  hypotaxia  with  very  great  su^estibility,  but  with- 
out amnesia.  Moreover,  the  hypnotizer  can  at  any  time  transfer  a 
somnambulist  into  one  of  the  other  degrees,  according  to  suggestion. 

The  following  are  a  few  especislly  interestii^  phenomena  whioh  suo- 
ceed  chiefly  in  somnambulists :  — 

POBTHTPHOraO   SUGGBSTIONB. 

Ton  declare  that  a  certiuu  phenomenon  will  take  place  after  awaking, 
during  the  waking  condition ;  for  instance,  he  will  feel,  do,  see,  or  think 
some  particular  thing.    This  actually  occurs  as  foretold  in  the  suggestion. 

SuooBSTiON  i  SchSance  (to  take  effect  at  a  deflnita  time). 
You  suggest  the  same  thing  for  a  later  time ;  for  instance,  the  next 
day  or  a  week  afterward,  or  even  later.     This,  too,  usually  succeeds  in 
somnambulists  with  a  little  patience  and  practice. 

SUGOESTION  IN  THB  WAKING  CONDITIOH. 

After  a  little  practice  of  the  subject  almost  every  sus^estion  sncceeds 
nearly  as  well  in  the  wakii^  oondition  as  during  sleep  or  a  somnolent 
state. 
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Not  aoij  laTineii,  bat  also  many  phjBioians,  have  ima^ned  that 
hypnosis  snd  wake-Biiggsstion  are  totally  different  things.  Nobody  oan 
shovr  his  ignorance  of  this  question  more  thoroughly  than  by  suoh  a  state- 
ment. Sleep,  i.e.  the  subjective  sensation  of  sleep  of  the  person  hypno- 
tized, is  merely  a  generalization  of  the  suggested  dissooiation  in  the  sense 
of  ordinary  sleep.  When  this  generalization  becomes  too  broad  and  the 
hypnotizer  leaves  the  subject,  he  may  at  times  lose  the  '^rapport"  with 
the  suhjecti,  and  when  he  tries  to  give  further  su^eations  he  may  fail  to 
succeed  or  he  awakes  the  subject,  just  as  out  of  ordinary  sleep.  It 
requires  some  precaution  to  reSstabliah  the  ooimection  or  "  rapport "  vith- 
out  putting  an  end  to  the  sleep.  On  the  other  hand,  in  a  ciroumscribed 
sn^feetion,  in  a  completely  waking  state,  it  is  easiest  to  show  the  symp- 
tom of  localized  dissociation.  As  soon,  however,  as  you  increase  the 
number  of  suggestions,  i.t.  of  dissociations,  in  a  perfectly  waking  condi- 
tion, you  see  how  the  looks  of  the  hypnotiaed  change,  become  more 
dreamy  ;  in  other  words,  how  the  dissociations  become  more  generalised 
and  produce  a  state  resembling  general  sleep.  Beaunis  and  others  tried 
to  make  out  that  this  condition  in  oomplicated  wake-suggestions  and  that 
of  execution  of  post-h3r|niotio  snggeations  —  practically  the  same  thing  — 
is  something  peculiar,  a  "  veille  somnambnlique."  This  is  quite  unnec- 
essary. We  are  deeding  merely  with  a  more  or  less  localized  or  general- 
ized condition  of  dissociations  or  sleep.  It  is  true  it  differs  from  ordinary 
hypnosis,  because  in  the  latter  a  great  part  of  brain-activity  is  not  influ- 
enced by  the  hypnotizer,  viz.  the  spontaneous  impulses  of  the  hypnotized ; 
whereas  in  the  intentional  wake-su^estioaa  everything  is  governed  by 
the  hypnoti2er.  Spontaneous  is,  of  course,  not  to  be  taken  in  the  sense 
of  undetermined  free  will,  which  does  not  exist.  What  we  understand 
by  "spontaneous"  is  merely  the  resultant  of  all  actual  and  past  plastic 
and  automatic  brain  activities  as  they  are  inherited  and  developed  under 
the  external  influences  during  life. 


SUQQBSTBD  FaI^HFICATTOIHB  OF  MZHOBT. 

This  is  one  of  the  moat  surprising  illusions  produced  by  snggeetion, 
described  in  a  masterly  manner  by  Bemheim.  You  suf^fest  to  some  one 
that  he  remembers  accurately  to  have  done,  experienced,  seen,  or  heard 
something,  while  there  is  absolutely  no  tmth  in  it.  This  aiuoeeds 
remarkably  well.     If  external  conditions  make  it  possible  very  dan- 
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gerous  &lse  witnessea  miglit  be  produced  in  Uiis  way.  Childien  eq>e- 
(dally  ore  surprisingly  disposed  to  such  soggesticHW ;  also  hysterical 
women,  and  even  normal  peisons.  For  this  it  does  not  take  a  profeeuonal 
hypootizer.  Ordinary  attorneys,  and  also  ph3rBioiana,  obtain  sometimes 
unknowingly  such  soggested  confessions  or  symptoms.  Curiously  enough 
it  is  sufficient  to  suggest  the  chief  points  of  the  situation,  and  to  leave 
t^e  rest  to  the  imagination  of  the  subject.  He  otHnpletes  himself  every- 
thing that  was  missing  in  the  auggestion  given,  and  furnishes  a  mass  of 
precise  details,  which  he  makes  up,  and  believes  in,  and  by  which  the 
deception  is  increased.  Conscientious  judges  will,  of  course,  find  that 
the  statement  does  not  agree  with  the  facts  ;  hnt  unfortunately  sufficient 
pains  are  not  always  taken.  We  cannot  say  that  the  witness  lies;  he 
speaks  with  the  greatest  conviction,  and  makes  a  deep  impressicm  on  the 
audience,  especially  on  the  jury. 

Thus  we  see  a  series  of  phenomena,  the  beginning  of  which  is  insig- 
nificant, and  which  all  occur,  more  or  less,  in  normal  sleep  and  in  certain 
people,  which,  however,  when  called  forth  rapidly  and  in  a  condensed 
form,  makes  a  very  baffling,  confusing,  and  almost  miraculous  impression. 
Especially  confusing  are  the  maas-snggestions,  which  take  hold  of  a  great 
number  of  enthusiastic  believers,  produce  hallucinatioos  of  all  senses, 
even  of  the  tactile  sense,  and  thus  create  convincing  witnesses  for  appari- 
tions, even  for  "materialized"  spirits.  Such  is  indeed  the  great  tendency 
of  our  brain  toward  illusions.  Only  the  more  thorough  psycholi^ists  are 
less  surprised  by  these  phenomena,  because  normal  peychology  has  led 
them  already  to  similar  concepts. 

The  essential  feature  of  si^gestion  is  evidently  the  production  of  a 
sleeplike  dissociation  of  brain  activity  by  the  means  of  ideas.  Dissocia- 
tion is  used  to  call  forth  inhibition,  facilitations,  hallucinations,  reenforce- 
ment  of  stimuli,  decisions,  impulses,  affects,  etc.  A  further  characteristic 
feature  is  that  the  person  influenced  is  never  really  conscious  of  the 
mechanism  of  the  actual  realization  of  a  suggestion.  In  a  general  way 
suggestion  makes  it  possible  to  eliminate  consciousness,  t.«.  conscious 
memory,  from  any  phentmienon  whatever,  and  to  bring  it  into  the  circuit 
again.  You  may  make  the  **akin"  (or  rather  the  parts  of  the  brain 
connected  with  it)  totally  insensitive  to  pricks,  and  yet  later  make  con- 
scious the  sensation  which  was  not  actually  present  at  the  moment  of  the 
prick.  Or  yon  may  produce  the  sensation  of  a  prick  and  later  make  the 
subject  amnesic  for  the  pain  felt,  so  that  he  will  emphatically  assure  yon 
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that  he  did  not  feel  anything,  although  this  ia  not  tme.  Again,  you  may 
surest  the  pain  of  a  prick  which  never  occurred.  In  short,  a  ireird  pUy 
is  possible  with  memory,  consciousness,  motion,  and  sensation  in  som- 
nambulists. 

The  effect  of  facilitating  or  inhibiting  suggesUona  goes  even  further. 
It  may  involve  the  sympathetic,  and  call  for,  or  arrest,  menatmal  hemor- 
rhages, and  inflnenoe  blushing,  bleeding  from  the  nose,  peristalsis,  etc. 
Constipation,  as  well  as  menorrha^^  can  he  cured  as  if  by  miracle ;  per- 
spiration aad  even  the  pains  of  labor  can  be  influenced.  Surgical  aneas- 
thesia  is  quite  often  easily  obtained.  Even  blistering  of  the  skin  has 
been  produced  by  Wetterstrand  beyond  doubt. 

All  these  things  are  continually  doubted,  especially  by  our  esteemed 
colleagues,  the  physicians,  and  the  hoTut  fidet  of  the  hypnotized  is  coDtiau- 
ally  denied.  They  cry:  Mystificfition  t  lUosion  I  I  hardly  care  to  men- 
tion as  a  proof  that  I  had  several  women  controlled  to  whom  I  suggested 
menstruation  to  take  place  on  a  definite  day  of  each  month,  exactly  at 
7  A.U.,  to  last  three  days  exactly,  not  merely  once,  but  after  the  sugges- 
tion had  hod  its  regular  effect  for  mouths.  After  all,  theoretical  criti- 
cisms can  always  be  made  t^ainst  all  such  controls.  If,  however,  Z  submit 
to  your  consideration  the  fact  that  the  many  thousands  who  were  hypno- 
tized by  Liebault,  Bernheim,  Wetterstrand,  van  Renterghem,  Vogt,  and 
myself,  almost  all  came  in  order  to  be  cured  of  some  disorder,  and 
certainly  not  in  order  to  deceive  me,  the  objection  that  it  might  be  hum- 
bug falls  Datorally,  especially  if  you  consider  the  regularity  of  the 
phenomena.  It  would  be  inconceivable  that  thousands  of  independent 
people,  who  come  to  a  physician  in  order  to  be  cored,  should  agree  on  the 
some  story  to  deceive  the  physician  in  the  tame  manner,  and  to  simulate 
both  hypnosis  and  core.  These  considerations  alone  demonstrate  the 
absurdity  of  the  objection.  Yet  if  I  mention  cases  of  perfectly  honorable 
and  loyal  men  and  friends  whom  I  have  cured  of  constipation  and  similar 
things,  if  I  mention  a  professor  of  sui^ery  whom  I  made  auGesthetic  and 
again  sensitive  in  a  quarter  of  a  second,  not  only  in  hypnosis  but  also  in 
the  waking  state,  suoh  a  hackneyed  objection  might  finally  be  dropped. 
It  is  chiefly  tniceable  to  a  fundamental  ignorance  of  psychology  and  of  the 
life  of  the  brain  on  the  part  of  the  majority  of  physicians.  Universities 
ought  to  put  on  end  to  this.  It  is,  after  all,  by  no  means  astonishing 
that  a  dynamo  weighing  three  pounds,  as  the  brain  does,  should  be  able 
to  produce  strong  effects  on  the  circulation,  peristalsis,  etc,  1^  means  of 
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the  neuTokyme  corrent  through  the  peripheral  aerres  and  ganglia.  And 
if  we  are  obliged  to  admit  that  an  affect  or  a  dream  may  have  grave  and 
lasting  psychological  oonBeqnenoes,  such  as  paralysis,  convulsions,  paina, 
etc.,  why  should  not  a  saggestion  be  able  to  undo  aach  consequences  ? 

We  cannot  halp  admitting  that,  so  far,  we  have  greatly  underrated 
the  dynamic  effects  of  the  neurokyme  is  the  brain,  both  on  its  evil  and  on 
its  good  side.  We  most  go  farther  and  declare  that  many  diseases  which 
internal  medicine,  gynecol<^,  etc.,  have  been  in  the  habit  of  treating  from 
a  local  point  of  view  are  nothing  bat  affections  of  the  brain  which  ought 
to  be  treated  by  st^gestion  alone.  I  merely  speak  of  habitual  constipa- 
tioD,  of  sleeplessness,  of  chlorosis,  of  most  dyspepsias,  and  of  most  men- 
strual disorders.  And  further,  we  must  claim  that  a  lai^r  number  of  our 
BO-oaUed  remedies,  such  as  electro-therapeutics,  balneotherapy,  many 
presoriptiona,  etc.,  core  merely  by  su^estion,  and  by  no  means  through 
some  imaginary  specific  action.  The  irregularity  of  their  resolta,  indica- 
tions, and  application  prove  this  sufficiently.  It  must  be  admitted  that 
each  a  remedy  gives,  in  many  cases,  a  stroi^r  suggestion  than  mere 
verbal  suggestion.  In  America,  we  ought  not  to  forget  the  famous 
Eeeley  Gold  Cure  for  inebriates,  as  a  beautiful  instance.  Since  Keeley 
suggested  total  abstinence,  he  was  bound  to  have  lasting  results. 

Let  us  not  foiget  that  therapeutic  results  of  su^^stion  are  nothing 
but  lasting  post-hypnotic  effects,  which,  however,  like  everything  normal, 
have  a  tendency  to  become  lasting.  We  do  not  put  anything  new  into 
the  body ;  we  merely  lead  the  nerve  paths  back  to  the  normal  dynamic 
course. 

It  is  rarely  possible  to  hypnotize  a  person  against  his  will,  because 
confidence  is  tibe  first  condition  of  success.  As  soon  as  the  hypnotized 
loses  confidence  in  the  hypnotizer,  the  influence  of  the  latter  is  usuaUy 
over.  The  brain  does  not  submit  any  longer  to  voluntary  dissociation, 
but  it  associates  and  concentrates  all  its  energy  i^ainst  the  lightly  boilt 
dynamic  struotnre. 

There  remain  a  few  special  points :  — 

Autatuggettion.  — By  this  we  mean  suggestions  which  arise  spontane- 
ously, or  at  least  without  intention. 

HypjwtU  and  BysUria.  ~-  It  was  a  serious  blunder  of  Charcot,  and 
especially  of  his  pupils,  to  mistake  hypnotism  for  hysteria,  i.e.  a  normal 
fundamental  quality  of  the  human  brain  for  a  pathological  condition.  It 
was,  therefore,  inevitable  that  the  Paris  school  of  hypnotism  had  to  yield 
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to  Uiat  of  Nancy.  Bemlieiin  ahowed  quite  oorreotly  that  ^xa  80H»Iled. 
great  hypnoeU  of  Charcot,  with  its  snppoeed  three  phases  appeoriiig  on 
definite  stimuli,  was  nothing  bat  an  ortefaot  by  soggeetion  in  pathological 
hysterical  snbjecta. 

Nerertheless,  hysteria  deserres  special  mention  here,  hecavMt  iufrutda- 
mental  tymptom  eontuttpreeiiely  in  a  patholoffioal  exaggeration  and  degenera- 
tion of  dtnoeiahility  or  autotuggefUbiiity.  The  hysterical,  men  and  woman, 
are,  moreover,  known  to  be  mnch  predisposed  to  conTulsions,  bo  l^t  the 
hysteric^  react  peculiarly  to  hypnosis.  They  are,  as  a  rule,  very  sensitive 
to  all  hypnotic  piooedurea,  but  exceedingly  diffioolt  to  direct.  They  add 
to  every  suggestion  a  mass  of  aatoau^^astions,  bc^in  to  get  convuleions 
or  headaches,  or  all  sorts  of  other  disorders  which  their  brain  adds  on 
account  of  its  oversensitiveness  and  excessive  dissooiability.  So  it  easily 
happens  that  for  one  pathological  symptom  removed  by  suggestion,  auto- 
suggestion favors  one  with  three  new  ones.  Hence,  hypnosis  is  an 
excellent,  thou^  doable-edged,  re^^nt  for  testing  a  hysterical  subject. 
As  a  role,  however,  it  will  be  possible  to  see  after  one  attempt  how  an  un- 
obtrusive and  well-calculated  saggestion  may  suffice  in  a  conversation  with- 
oat  the  title  *'  hypnosis,"  and  in  a  perfect  waking  state.  An  awkward 
hypnotizer,  or  one  ignorant  of  hysteria,  wUl  usually  do  harm  to  the 
hysterical,  produce  hysterical  attacks,  etc.  The  hysterical  are  apt  to 
pass  into  deep  cataleptic,  and  even  lethargic,  conditions  from  which  they 
are  difficult  to  rouse.  In  short,  to  play  on  them  witii  hypnotism  is  play- 
ing with  fire.  All  the  unintentional  damage  which  is  attributed  to 
hypnotism  concerns  hysterical  subjects.  I  therefore  tell  every  physidaa 
who  wants  to  hypnotize :  "  Beware  especially  of  the  hysterical,  and  do 
not  run  any  risk  before  you  sit  well  in  the  saddle."  Su^^tion  can  do 
much  good  in  the  hysterical,  but  the  physician  must  proceed  exceedingly 
cautioosly,  individualizii^,  without  even  mentioning  the  word  hypnotism. 

Cbthb  Aim  Hypnosis. 

This  chapter  was  ex^^rated  to  the  extreme  by  Li^geois,  and  dealt 
with  too  lightly  by  Delboeuf.  That  misuse,  especiallj  sexual  misuse,  of 
hypnotized  persons,  may  occur  once  in  a  while,  is  certain  and  possible, 
especially  in  deep  hypnosis,  in  hysterical  lethargy,  etc.  Even  more 
dangerous  is,  however,  the  blackmailing  by  hysterical  impostors.  Hence 
the  role :  Never  hypnotize  a  woman  alone,  without  a  witness.     That  the 
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hypnotized  might  be  aeed  for  crime  is  theoretically  possible  and  experi- 
mentally proved.  But  no  such  case  has  really  oocurred  yet.  False  testi- 
mony through  suggested  falsifications  of  memory  is  about  the  most  serious 
possibility.  Abnormal  love-affairs  of  pathological  persons,  especially  of 
the  hysterical  or  of  pathological  impostors,  in  which  hypnotism  plays  a 
rdle  (case  of  Czinsky,  etc.)  rather  belong  to  psychiatry.  Of  late  those 
suffering  from  paranoia  and  other  forms  of  insanity  show  a  predilection 
for  the  delusion  that  they  are  secretly  hypnotized. 

Crimes  through  hypnosis  are  probably  so  rare  because,  as  is  said  above, 
eonfidenee  is  the  first  condition  of  hypnosis. 

The  iruane  can  osualLy  not  be  hypnotized,  because  the  instrumental 
dynamo,  the  brain,  fails  to  work  properly,  attention  is  defective,  etc. 

One  can  hypnotize  only  in  one's  mother  tongue,  or  in  another  lan- 
guage which  one  knows  very  well,  for  it  takes,  before  all,  great  certainty 
and  rapidity,  and  a  blunder  in  a  foreign  language  which  makes  it  difficult 
to  understand,  disturbs  Uie  "rapport"  ooosiderably. 

For  the  purpose  of  watching  patients  dangerous  to  themselves,  I  have 
hypnotized  the  watching  nurses  with  great  success,  and  in  this  way  pro- 
duced a  "  sleeping  night  watch,"  who  watches  mnch  better  than  a  waking 
person,  and  does  not  become  ezlmusted  or  overtired.  I  hear  that  my 
successor  at  Ziirich,  Professor  Bleuler,  continues  the  matter  with  equally 
good  success.  I  give  the  nurse  the  suggestion  to  sleep  quite  weU,  but  to 
notice  during  his  sleep  every  unusual  action  of  the  patient,  so  that  he 
awakes  at  once  when  the  patient  makes  an  attempt  at  suicide,  and  at  once 
falls  asleep  again  when  the  danger  is  averted.  In  artificial  somnambulism 
this  succeeds  remarkably  well. 

TBBSBAFY  of  NbBVOCS  DlSKAaSS  BT  WOBE. 

Q-enerai  Piychotherapjf, 

Starting  from  the  experience  that  agricultural  oocupation  is  the  best 
for  the  insane,  and  that  the  natural  man  does  not  work  as  one-sidedly  as 
the  **  civilized,"  but  always  has,  as  the  condition  of  getting  along,  depended 
on  a  combination  of  mental  occupation  with  muscular  activity,  I  have  tried 
for  a  number  of  years  to  treat  severe  cases  of  so-called  nervous  diseases 
(neurasthenia,  etc.),  i.e,  psychopathias,  with  such  occupations.  A  severe 
case  which  I  thus  cured  by  agricultural  work  encoun^ed  me.  Mr. 
Orohmann,  a  civil  engineer,  himself  a  patient,  had  recovered  his  health  by 
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gardeoing,  and  was  mach  interested  in  the  matter.  I  enconn^fed  him  in 
his  attempt  to  occupy  nervous  patients  in  hia  gardens.  This  was  the 
beginning  of  his  institution  for  Uie  oooupation  of  nerrous  cases,  which 
increased  from  year  to  year.  Csfpentry  was  added  among  other  occupa- 
tions, and  very  good  teaults  were  obtained  in  serete  cases.  P.  J.  Moebius 
later  gave  the  method  much  support,  and  the  data  were  published  in  the 
dissertation  of  Menier  (Zurich),  and  later  more  fully  by  Grohmana  him- 
self. 

Grohmann  emphasizes  the  observation  that  a  combination  of  his  treat- 
ment with  suggestions  by  Dr.  Ringier  in  Zurich  led  very  frequently  to 
good  results. 

My  principal  idea  in  the  matter  vaa  tiiat  not  the  muscular  labor  as 
such,  but  especialiy  the  centrifugal  concentration  of  attention  on  deter- 
mined muscular  innervation  for  an  occupation,  mentally  satisfying  and 
with  a  purpose,  diverts  the  brain  from  pathological  activities,  and  acts  as 
a  cure.  Stupid  muscular  labor,  as  gymnastics,  dumb-bells,  and  turning  of 
the  ei^ostat,  does  not  give  any  satisfaction,  and,  above  all,  does  not  keep 
the  mind  or  attention  from  going  astray.  Moreover,  such  useless  activi- 
ties cannot  be  pursued  for  any  lengtii  of  time  as  a  real  pursuit. 

Kow  I  should  like  to  go  a  step  farther  to-day,  and  to  sketch  witii  a 
few  oases  a  partially  new  chapter  of  psychotherapy,  not  touched  upon  by 
me  so  far. 

Not  all  neuropaths  are  fit  patients  for  horticultural,  agricultural, 
or  other  work,  nor  is  the  pathology  of  brain  life  done  justice  to  merely 
by  the  ordinary  suggestions  of  sound  sleep,  appetite,  and  like  functions. 
Ton  further  know  that  geniut  and  inaanity  are  somewhat  related. 
Whereas,  however,  it  is  well  known  that  many  a  genius  perished  with 
insanity,  it  is  perhaps  less  clear  to  many  physicians  that  under  the  picture 
of  hysteria  or  other  psychopathias,  many  a  genius,  or  at  least  many  a 
talent,  may  slumber  and  fret  like  a  bird  in  a  cage,  and  also  that  tiie  thera- 
peutic cant  of  neurologists  paralyzes  the  wings  of  the  bird  instead  of 
liberating  them.  Here,  if  anywhere,  a  correct  di^nosis  and  individualiz- 
ing treatment  is  necessary.  To  be  sure,  not  everybody  who  feels  himself 
to  be  a  genius  is  a  genius.  The  experience  of  the  alienist  must  find  out 
of  the  himdreds  of  defective  brains  suffering  from  exaltation  and  mental 
weakness,  the  few  which  are  not  really  defective,  but  contain  a  wealth 
of  high  talent,  the  development  of  which  is  inhibited  or  paralyzed  by 
certain  disorders.     If,  however,  you  have  discovered  each  a  hidden,  tied- 
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down  treasore  among  the  numerous  nervous  patients  (brain-patients  or 
enoephalopaths),  it  is  youx  grand  duty  to  leave  the  path  of  oant, 
and  to  restore  tiie  wings  to  the  eagle.  Hypnosis  and  occupation  with 
mannal  labor  may  be  a  very  helpful  accessory  remedy ;  but  they  are  not 
the  chief  thing.  It  is  necessary  to  gain  the  full  confidence  of  the  patient 
by  affection  and  by  penetrating  into  all  the  udes  of  his  mental  life,  to 
make  every  fibre  of  his  emotional  life  vibrate.  Let  the  patient  tell  you 
the  story  of  his  entire  life,  live  it  over  again  with  him,  and  allow  yourself 
to  be  thorot^hly  penetrated  by  his  feelings.  In  this  you  should,  of 
coarse,  never  forget  the  sexual  feeling  which  varies  so  strongly  from  one 
case  to  another.  But  it  should  not  be  examined  after  the  ordinary  medi- 
cal routine,  which  usually  considers  only  the  seminal  emissions  and  the 
coitus ;  but  with  full  consideration  of  all  the  loftier  vibrations  connected 
with  the  sexual  life.  This  being  done,  you  search  for  the  real  definitive 
aim  in  the  life  of  the  patient,  and  lead  him  with  determination  and  con- 
fidence. It  is  a  cause  of  much  surprise  to  see  all  the  psychopathotogi- 
cal  disorders  disappear  as  if  by  witchcraft,  and  to  watch  how  the  unhappy, 
incapable,  nervous  wreck  becomes  an  energetic,  efficient  person,  who 
may  amaze  others  by  his  working  capacity,  and  remains  a  warm  friend 
to  the  physioian  who  understood  him.  A  miserable  person  becomes 
happy;  a  "failure,"  a  "talent"  or  even  a  "genius";  a  patient,  a  healthy 
being. 

Allow  me  to  give  briefly  a  few  instances.  My  friends  may  •noog- 
nize  themselves,  but  will  pardon  this  publioation  in  the  interest  of 
mankind. 

1.  A  highly  educated  young  lady,  the  daughter  of  a  talented  father 
and  a  very  nervous  mother,  had  the  repntation  of  being  less  endowed 
Uian  her  sisters,  was  nervous,  and  became  more  and  more  hysterical.  She 
finally  developed  very  marked  paralysis,  and  was  brought  to  the  hospital 
for  the  insane.  At  first  she  was  slmost  completely  cured  by  ordinary 
hypnosis ;  but  after  a  number  of  months  she  had  a  relapse,  with  almost 
total  inability  to  walk.  She  was  again  cured  by  continual  agricultural 
work  wiUi  farmers.  But  she  felt  unhappy  over  not  having  an  aim  in 
life.  Not  without  hesitation  I  allowed  her  to  yield  to  her  anxious  desire 
to  become  a  nurse ;  her  parents  were  much  afraid  of  the  night  service. 
But  the  latter  was  endured  without  trouble  with  the  help  of  a  few  sugges- 
tions regarding  it.  She  took  up  her  work  enthusiastically,  carried  it  out 
with  all  its  trials  and  fatigues,  and  became  more  and  more  active  in  every 
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direotioti,  and  to-da;  she  is  one  of  the  most  actiye  members  of  a  com- 
mittee of  philanthropic  ladies,  doing  remarkable  work. 

2.  A  physician  suffered  for  some  time  with  "severe  neurasthenic 
disorders,"  and  triad  in  vain  to  cure  himself  with  all  sorts  of  remedies. 
He  came  to  me  with  his  complaints.  I  encouraged  him,  advised  him  not 
to  consider  all  those  disorders,  and  insisted  on  the  higher  ideals  of  his 
life. .  We  agreed  on  a  definite  plan  and  he  left.  Later  he  wrote  me  that 
hy  that  one  conversation  he  had  been  cured. 

8.  A  young  man  with  some  hereditary  taint,  from  a  very  religions 
famUy,  very  talented,  became  "  neorasthenio  "  and  nearly  insane.  Ha 
attempted  suicide,  and  was  taken  to  various  sanitariums  with  complete 
interruption  of  his  studies  and  very  gloomy  prt^nosis.  He  was  abso- 
lutely  unable  to  work  any  longer,  suffered  from  headache,  sleeplessness, 
and  inability  to  keep  his  attention  on  any  mental  activity.  Gloomy  and 
in  despair,  he  did  not  show  any  symptoms  of  melancholy  inhibition,  etc. 
He  was  quite  clear  concerning  his  " psychopathia "  and  "absolute  failure 
in  life."  He  also  had  suffered  from  various  imperative  ideas  and  actions 
which  had  played  him  many  a  trick.  Sexually  he  was  perfectly  calm. 
He  was  brought  to  me  as  a  case  given  up.  Before  long  the  talent  of  the 
young  man  struck  me.  More  intimate  relations  showed  him  to  be  in  a 
totally  dissatisfied  state  of  mind.  Brought  up  in  strict  orthodoxy,  he 
never  could  believe  in  those  religious  dogmata,  and  therefore  thought 
himself  to  be  an  outcast  and  lost.  The  forced  formal  training,  too,  with 
which  he  was  bronght  up  was  a  sonrce  of  disgust  to  him.  Life  seemed 
aimless  to  him.  First  I  calmed  him  concerning  his  religion,  and  showed 
him  that  one  can  be  a  happy  and  valuable  man  without  any  positive 
belief.  Further,  I  showed  him  that  learning  by  heart  is  the  "  mind  of 
the  mindlees,"  and  that  a  mere  understanding  with  interest  stands  much 
higher.  I  told  him  not  to  try  to  leam  anything  further,  but  to  merely 
read  with  interest  what  interested  him,  and  not  to  care  whether  he  kept 
it  or  not.  In  this  way  I  revived  some  confidence  and  some  pleasure  in 
life.  He  began  to  read  his  books  with  interest  and  pleasure,  instead 
of  learning  them  with  disgust.  As  a  philosopher  and  freethinker  he 
returned  to  life,  became  an  enthusiastic  abstainer  and  a  member  of  the 
Independent  Order  of  Good  Templars.  He  helped  me  found  new  lodges. 
My  patient,  who  at  first  required  watching  for  fear  of  suicide,  soon 
became  my  friend  and  associate  in  the  work.  The  nervous  symp- 
toms disappeared,  one  after  another.     Finally  he  made  a  rather  long 
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jonmej  alone  in  a  tropioal  country,  rdtuming  completelj  cured  and  with 
perfect  self -con  Bdenoe.  He  resumed  his  studies,  passed  his  final  exami- 
nation tumma  cum  laude  a  few  years  later,  was  admired  by  all  his  col- 
leagues for  his  enormous  working  capacity,  and  gives  every  promise  of  a 
splendid  career. 

4.  An  hysterical  lady  consulted  me  —  highly  talented,  but  psycho* 
pathic  from  childhood,  with  attacks  of  *'grande  hyst^rie,"  and  greatly 
excited  by  her  livii^  together  with  her  mother. .  Xotwithstanding 
numerous  opportunities,  she  did  not  want  to  get  married  for  a  number 
of  intellectual  reasons.  I  tried  hypnosis.  Deep  hysterical  sleep  came  on 
and  convulsions  began  to  show.  I  waked  her  up  with  much  trouble, 
told  her  boldly  the  result  was  deep  beyond  expectation,  that  she  would 
be  cured  in  a  short  time,  and  that  she  had  been  only  too  deeply  influ- 
enced. From  that  time  I  gave  her  merely  wake-suggestions.  In  a 
few  days  almost  all  the  disorders  had  gone,  also  the  constipation, 
and  especially  the  convulsions  (_tapienti  tatfy.  I  explained  to  her  that 
she  was  most  in  need  of  work  and  of  a  definite  aim  in  life.  She  did 
not  care  to  found  a  family,  with  some  justification,  bat  was  interested 
in  depraved  youth.  Now  she  started  out.  Instead  of  cures  in  water- 
ing places,  electricity,  and  massage,  I  gave  her  a  number  of  books 
on  criminal  anthropology  and  introductions  to  the  directors  of  prisons, 
of  asylums,  of  the  reformatories  for  children,  etc.  She  took  up  the 
work  with  enthusiasm,  joined  the  prohibition  movement  and  the  Inde- 
pendent Order  of  Good  Templars,  visited  prisoners,  the  insane,  destitute 
children,  showed  great  interest  in  everything,  an  equally  good  judgment, 
and  an  astonishing  working  capacity.  She  improved  every  day,  and 
left  in  a  few  weeks  for  a  lai^r  city,  where  she  wishes  to  continue 
her  studies. 

In  such  oases,  I  should  formerly  have  prescribed  mental  rest,  inac- 
tivity, manual  labor,  or  what  not.  My  patients  did  not  improve.  In 
soak  cases  the  brain  is  not  exhausted,  as  one  might  suppose  at  first  sight. 
It  is  merely  milled,  and  works  in  abnormal  paths ;  its  natural  talents 
starve,  are  inhibited,  and  the  activity  offered  it  does  not  agree  with  it,  or 
certain  scruples  of  a  religious  or  sentimental  kind  paralyze  its  activities, 
and  paths  for  pathological  brain  activity  are  created.  This  we  must 
recognize  and  change  by  a  bold  diversion. 

But  beware  of  believing  every  psychopath  who  poses  as  a  mistaken 
genius  and  wants  to  study  higher  philosophy.     There  are  fifty  oases  of 
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these  to  one  of  t^ose  deBOribed  above.  For  these,  agriooIttiTe  is  as  good 
as  for  imbeciles  and  the  insane.  Tnte  inhibited  greatness  is  not  TOnt  to 
br^  or  to  think  too  highly  of  itself.  We  must  look  after  it,  must  seek 
it  and  find  it.  Then  we  ctm  go  to  the  root  of  the  matter  and  not  remain 
content  with  mere  trivial  suggestions  about  gardening  or  carpentry. 
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A  SKETCH   OF  THE  BIOLOGY  OF  ANTS. 

Bt  Fbotebsob  AnQnsT  Fobkl. 

ToGBTHBB  Tritih  the  bees  and  the  waspa,  the  real  ants  beloi^  to  the 
insect  family  of  hymenoptera,  whereas  the  termites,  or  white  ants,  belong, 
like  the  drsgon'-flies,  to  the  nenroptera.  All  these  insects  live  in  social 
organizations.  More  than  all  the  rest,  the  ants  hare  developed  social 
life  most  highly  and  variedly.  This  is  why  they  deserve  our  special 
interest.  They  not  only  present  an  innumerable  array  of  individuals,  bnt 
also  a  munificent  variety  of  forms.  Nearly  SOOO  species,  divided  into 
154  genera,  are  already  described  from  the  five  continents,  and  this  number 
continues  growing  every  year. 

The  social  state  of  ants  has  brought  about  a  peculiar  phenomenon 
called  polymorphism  of  the  species.  Jiist  as  the  difference  of  sex  in  man 
and  animals  is  generally  marked  by  so-called  correlative  differences  of 
organization  (as,  for  instance,  the  beard  in  man),  so  we  find  in  certain 
animals  that  tiiese  differences  become  especially  pronounced  (compare, 
for  instance,  the  cock  and  the  hen).  In  the  ants,  the  difference  of  the 
sexes  becomes  so  excessive  that  Uie  females  and  tiie  males  look  like  dif- 
ferent animals.  But  that  is  not  all.  An  additional  differentiation  takes 
place  in  the  species,  in  the  female  germs  ;  a  certain  number  develop  into 
a  second  category  of  females  with  totally  different  shape  of  the  body, 
much  diminished  ovaries,  without  wings,  but  with  a  more  highly  devel- 
oped brain.  This  specialized  category  of  females  is  called  the  "  working 
ant."  In  many  species,  even  a  third  specialization  of  the  female  sex  has 
formed,  with  powerful  head  and  stroi^  jaws,  called  "soldiers."  The 
females  and  the  males  are  usually  winged,  the  workers  and  the  soldiers 
always  without  wings.  Consequently,  a  family  or  a  state  of  ants  of  any 
kind  consists  of  three  or  four  different  forms  of  adult  individuals.  In 
rare  instances,  additional  forms  exist.  Moreover,  there  are  many  species 
in  which  an  incomplete  division  of  the  workers  into  two  categories  with 
transition  forms  occurs  (large,  medium,  and  small  workers).     To  these 
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we  must  add  the  yonng  brood,  which  oonBiste  of  eggs,  the  footless  and 
eyeless,  white  and  tender  larrsB  or  maggots  of  all  sizes,  according  to  age 
and  sex ;  and,  finally,  the  antlike  nymphs  or  chrysalides.  In  many 
species,  the  larva  spins  a  fine  silk  cocoon,  which  is  erroneously  called 
the  egg.  The  real  ant  eggs  are  extremely  small,  and  look  almost  like  a 
white  powder. 

The  architecture  of  the  ant  body  shows  several  important  social 
peculiarities.  The  real  brain,  independent  of  the  sense  organs,  is  rela- 
tively  very  large  in  the  worker  and  the  soldier,  smaller  in  the  female,  and 
almost  rudimentary  in  the  male,  in  accordance  with  the  fact  that  the  male 
ant  plays  a  pitiably  transieiit  and  good-for-nothing  role,  notwithstanding 
its  powerful  eyes  and  stroi^  wings.  Its  immense  imbecility  and  help- 
lessness, in  contrast  with  the  well-deTeloped  senses,  are  a  clear  expression 
of  its  lack  of  brain.  The  real  brain,  Dujardio's  pediculated  body, 
possesses  a  highly  doTeloped,  small-celled  cerebral  cortex,  especially  in 
the  worker. 

The  ants  possess  a  social  stomach  or  crop.  It  is  situated  at  the 
entrance  to  the  abdomen,  is  very  elastic  (when  it  ia  overfed,  the  cubic 
contents  of  the  abdomen  may  be  ten  times  enlarged),  and  does  not  digest, 
sinee  it  has  no  glands.  Its  undigested  contents  can  be  vomited  forth  at 
any  time  by  the  ant  and  distributed  to  its  fellows,  or  to  the  UrvEe  by 
feeding  from  mouth  to  mouth.  The  mutual  feeding  is  one  of  the  vital 
conditions  of  the  state  of  ante.  Behind  the  crop  lies  t^e  chewing,  or 
pumping,  stomach.  It  bsB  four  hard  valves,  which  usually  close  hermetic- 
ally the  digestive  tract  of  the  ant.  When  the  ant  wants  to  eat,  it  opens 
the  valves  and  pumps  some  of  tiie  contents  of  the  crop  into  its  peculiar, 
individual  stomach,  which  is  lined  with  digestive  glands  and  where  diges- 
tion begins.  I  have  demonstrated  these  conditions  by  an  experiment. 
I  gave  some  honey  stained  with  Berlin  blue  to  a  hungry  ant.  After  it 
had  eaten  very  eagerly,  I  put  it  with  a  few  equally  himgry  companions, 
who  at  once  surrounded  it,  begging.  They  all  were  filled  with  blue 
droplets  before  long.  I  then  dissected  one  after  another  and  found  that 
the  first  stomach,  filled  with  the  blue  mass,  had  not  at  first  allowed  a 
trace  of  the  blue  fluid  to  pass  into  the  chewing  stomach  and  into  the 
digestive  stomach.  Only,  during  the  following  days,  Uie  d^estive 
stomach  slowly  became  stained  more  and  more  blue. 

On  the  fore  legs  the  ants  have  a  fine,  spurlike  comb  which  Uiey  use  to 
clean  the  rest  of  the  body.     This  is  very  necessary  in  the  busy  workers. 
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In  the  mouth,  too,  they  have  a  comb  with  which  they  clean  the  oombs  of 
the  legs,  the  larvae,  and  their  companions. 

Of  great  importance  are  further  the  mandibnla,  or  upper  jaws,  which 
are  asnally  dentated  and  serve  as  grasping  tongue,  biting  weapon,  mortar 
spoon,  carrying  instrument,  scissors,  etc.  They  replace  our  handa,  our 
weapons,  our  scissors  and  knives.  In  the  mouth  they  have,  further,  a 
tongue  for  licking,  with  fine  organs  of  taste. 

The  most  important  social  organs  of  the  ant  are,  however,  the  anten- 
nse,  or  feelers.  They  contain  exceedingly  delicate  and  numerous  sense- 
organs  for  the  tactile  sense  and  odor,  terminating  in  hairlike  structures. 
The  function  of  these  sense-organs  is  experimentally  established.  It  is 
especially  remarkable  that  this  protruding  and  mobile  olfactory  organ  not 
only  gives  the  ant  information  on  the  chemical  constitution  of  bodies, 
through  contact  (I  called  this  contact>Ddor  of  the  insects),  but  also  makes 
possible  an  appreciation  of  space  by  olfaction,  owing  to  position  and 
motility,  an  abihty  which  we,  with  our  inv^inated,  rudimentary  olfactory 
organs,  can  form  no  conception  of.  This  appreciation  of  space  is  possibl< 
since  the  different  nerve  endings  may  convey  to  the  brain  simultaneously, 
or  in  successive  moments,  the  impression  of  the  various  chemical  proper- 
ties (odors)  of  various  objects  or  parts  of  objects,  lying  side  by 
Numerous  relations  of  space  are  perceived  for  this  reason,  and  especially, 
owing  to  the  high  mobility  of  the  feelers,  not  merely  by  cont«ct  but 
already  at  a  certain  distance,  at  which  the  differences  of  behind  and 
before,  of  right  and  left,  can  readily  be  furnished  by  smell.  This  ability 
must  produce  a  knowledge  of  space  which  lies  between  that  of  our  tactile 
sense  and  that  of  the  senses  of  hearing  and  seeing.  When  lately  Bethe 
imi^ned  he  had  discovered  a  "  polarization "  of  the  olfactory  traces  of 
the  ants,  he  mistook  and  overlooked  these  conditions  completely.  More- 
over, the  ants  perceive  odor  from  a  distance  with  their  antenna.  It  is 
experimentally  established  that  ante  recognize  one  another  as  friends  or 
foes  merely  by  the  means  of  the  feelers,  as  Hnher  supposed  as  early  as 
1810;  and  that,  in  their  migration,  they  are  lai^ly  oriented,  or  guided,  by 
the  feelers,  although  the  eyes,  too,  help  considerably  in  the  orientation  out- 
side of  the  nest.  An  ant  without  feelers  is  lost,  and  at  once  excluded  from 
the  social  life ;  whereas  without  eyes  it  may  go  on  working,  reoognizii^ 
its  companions  from  its  enemies,  and  find  its  way,  although  with  more 
difBculty,  at  least  in  the  nest  and  in  its  near  neighborhood. 

Lubbock  has  proved  tiiat  ants  feel  the  ultra  violet  rays  of  the  solar 
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spectrum  vhicli  we  do  not  see.  With  the  help  of  complicated  experi- 
ments Qoy  varnishing  the  eyes,  or  by  the  application  of  aesoulin  which 
absorbs  the  ultra  violet  rays)  on  the  known  instincts  of  ants,  I  have  dem- 
onstrated that  they  see  the  ultra  violet  rays  with  the  eyes,  not  photo- 
dermatically,  i.e.  with  the  skin,  as  many  lower  animals  do.  The  flying 
females,  and  especially  the  males,  have  good  eyes,  with  very  distinct 
vision  ;  the  workers,  however,  see  osually  bat  poorly. 

The  workers  form  the  most  important  social  elements  of  the  ant  com- 
munity, whereas  the  soldiers  serve  for  certain  special  functions,  and  the 
females  and  males  solely  for  the  propagation  of  the  species. 

The  socialism  of  the  ante  is  limited  to  the  solitary  state  of  the  ant 
colony.  All  the  individuals  of  one  colony  live  up  to  complete  solidarity, 
whereas  the  rest  of  the  world  —  with  but  few  exoeptiona  — and  especially 
all  the  other  states  of  ants,  even  of  the  same  species,  are  rather  consist- 
ently treated  as  enemies.  Each  state  builds  one  or  more  nests.  In  these 
the  immense  wealth  of  instinct  in  ants  shows  itself.  Almost  every  single 
species  has  some  peculiarity  in  its  architectnre ;  yea,  the  same  species 
knows  how  to  adapt  itself  to  the  varying  conditions,  and  to  build  accord- 
ingly. Oar  most  common  European  ant,  occurring  also  in  North  America, 
the  small  dark  brown  LatiitM  niger  Linne,  builds  in  the  meadows  large, 
regular  labyrinth-like  hills  of  earth.  In  stony  ground  it  makes  its  nests 
under  stones ;  in  the  woods,  in  rotten  stumps ;  in  houses,  in  rotten  frames. 
Most  European  and  North  American  species  mine  in  the  earth  labyrinth- 
like  complexes  of  galleries  and  rooms,  where  they  nurse  their  brood. 
Many  build  a  dome  of  earth  on  it,  serving,  like  flat  stones,  to  take  ap  the 
radiating  heat  of  the  son.  When  the  sun  shines  in  cool  weather,  the 
ants  carry  their  whole  brood  under  the  cupola  or  under  the  stone.  Dur- 
ing the  night,  or  in  rain  or  in  hot  weather,  everything  is  carried  into  the 
depth.  The  ants  build  with  their  jaws  and  forelegs,  working  up  moist 
earth  into  little  lumps,  during  or  after  a  rain,  and  making  walls  with 
them.  They  are  splendid  masons  and  know  how  to  use  a  blade  of  grass  as 
timber  or  a  leaf  for  a  roof.  Occasionally  a  little  stalk  is  sawed  with  the 
teeth  of  the  upper  jaw  whoUy  or  partly  bent,  pulled  sideways,  etc.  I 
recommend  every  friend  of  nature  to  watch  this  activity  after  a  warm 
rain  in  a  meadow. 

Other  ants  with  strong,  hard  jaws  mine  their  nest  in  hard  wood.  In 
a  species  living  in  trunks  of  trees  (^Oamponotui  t.  Colohoptia  truTKoiat)  a 
very  narrow  hole  leads  out.     It  is  constantly  watched  by  a  peculiarly 
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transfonned  eoldier  —  its  big  head  joBt  fills  the  hole  and  is  trimmed 
flat  anteriorly,  so  that  it  closes  the  hole  flush,  like  a  cork.  Even  a 
trained  eye  has  difficulty  to  find  the  hole  stuffed  in  this  manner.  A 
closely  related  species  lives  in  North  America.  Tet  other  species  nest 
under  the  bark  of  trees,  under  stones,  in  rocks  or  cracks  of  walls,  even  in 
walls  of  our  houses.  In  tropical  America  I  found  a  great  number  of  the 
species  in  hollow,  dry  sticks  of  the  brush,  also  in  the  thorns  of  acacia  and 
in  hollow  trees.  The  ant  of  our  woods,  Formioa  riffo,  and  its  next  Euro- 
pean and  North  American  cousins  cover  a  dome  of  fir  needles,  small 
fragments  of  wood,  etc.,  which  keep  warm  the  nest,  built  as  a  hollow 
labyrinth.  The  gates  are  opened  by  the  ants  in  the  morning  and  closed 
in  tiie  evening,  in  excessive  heat  frequently  the  reverse.  Other  ants 
evidently  use  a  resin-like  secretion  of  the  maxillary  gland,  and  cement 
with  it  meal  of  wood,  earth,  plant-flbres,  and  similar  material  to  form 
a  sort  of  cardboard  or  pulp  oat  of  which  they  make  wonderful  nests, 
either  in  hollow  trees,  as  our  European  Lanua  fuliginoBU*  and  Lumietopvm 
microeephalum  (and  the  North  American  JAometopwH  apieulatum),  or  out- 
side on  branches  of  trees  or  on  trunks,  as  we  have  found  it  in  many 
Central  American  species  of  Azteea  and  Oremattogatter. 

Finally  there  are  ants  which  bnild  nests  spun  between  the  leaves  of  the 
trees  out  of  a  fine,  silk-like  texture,  as  the  species  Polyrhaehit  and  Oeeo- 
phjfUa,  and  in  Costa  lUoa  the  Oomponottu  tenex  ».  textor.  According  to 
the  most  recent  observations  they  are  said  to  use  their  larvse,  which  fui^ 
nish  the  thread,  and  which  they  use  with  the  jaws  as  a  spinning  instmment. 
Certain  species  (^Formiea  extecta  in  Europe  and  exteetoidet  in  the  Alle- 
ghanies)  form  powerful  states  or  colonies,  which,  according  to  McCook, 
may  consist  in  the  Alleghanies  of  up  to  1600  nests,  which  are  all  in  friendly 
relations  with  one  another  and  are  able  to  govern  a  whole  forest. 

How  does  a  colony  form  7  Huber,  McCook,  Blochmann,  and  Lubbock 
have  established  the  following  facts:  At  a  certain  season,  the  mature 
young  brood,  the  winged  females  and  males,  fly  out  from  aU  the  nests  of 
the  same  species.  In  the  air,  on  trees,  or  on  the  tops  of  hills,  a  wild 
maas-wedding  takes  place  in  which  I  was  able  to  establish  mutual,  bat 
especially  female,  polygamy.  Shortly  afterward  the  stupid  males  perish 
on  account  of  inability  to  feed  themselves.  The  females  remove  with 
their  own  legs  tiie  loosely  attached  wings  and  creep  into  the  earth  or  into 
wood,  singly  or  several  together.  They  build  a  little  room,  lay  a  few 
^gs,  and  sparingly  nurse  the  larvie,  or  maggots,  out  of  their  own  body 
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juice  (they  are  veiy  stout  and  fat)  until  three  or  four  very  small  workers 
have  grown  up.  These  hegin  to  work  at  once  and  to  feed  and  care  for 
their  mother  or  mothers,  which  have  nothing  to  do  after  this.  The 
wonderful  feature  is  that  the  mother  or  the  mothers  keep  so  many  sper- 
matozoa in  their  seminal  pocket  from  the  one  multiple  copulation  or 
wedding,  that  they  remain  fertile  for  many  years  and  are  able  to  lay  mill- 
ions of  eggs.  They  evidently  remain  aa  a  rule  the  mothers  of  the  entire 
colony  as  long  as  it  ezistB.  At  least  Lubbock  kept  alive  fertilized  females 
in  artificial  nests  for  eight  and  even  eleven  years,  and  the  existence  of  most 
colonies  of  ants  probably  does  not  last  much  longer.  It  is,  however,  not 
impossible  that  once  in  a  while,  later  on,  a  female  brought  home  by  the 
workers,  or  a  female  of  their  own  progeny  fertilized  already  within  (he 
nest,  may  be  added  to  their  number.  Except  in  pararattc  species,  strange 
females  are  always  killed  by  the  workers  of  a  colony.  The  mothers  or 
queens  are  well  cared  for  and  fed  by  the  workers.  Their  sole  work  con- 
sists in  laying  ej^s.  A  court  of  workers  constantly  surrounds  the  fertil- 
ized female,  takes  charge  of  the  eggs,  etc. 

The  interior  life  of  an  ant  colony  represents  the  purest  anarchistio 
socialism.  Each  individual  works  for  the  community.  Some  build 
the  nest ;  others  clean  every  comer  of  it ;  yet  others  nurse  the  brood, 
feed  it,  clean  it,  and  carry  it,  according  to  the  temperature,  into  various 
parts  of  the  dwelling.  Others,  ^ain,  leave  the  nest  and  see  to  the  food 
supply  of  the  community  by  filling  first  their  social  crop,  or  first  stomach. 
The  workers  serve  one  another  attentively,  feed,  clean,  and  carry  one 
another,  and  have  s  mutuid  understanding  by  means  of  the  feelers 
and  certain  butts.  The  understanding,  as  well  as  the  motor  impolse,  of 
that  langu^fe  of  signs,  evidently  depends  on  inherited  instincts,  and 
is  decidedly  quite  limited,  but  must  be  sufficient  for  the  social  require- 
ments. The  males,  and  usually  also  the  females,  are  inactive,  and  are,  the 
former  wholly,  the  latter  largely,  fed  and  cared  for  by  the  workers. 
Toward  the  outside  world  the  whole  number  is  usually  hostile  to  every- 
thing Uving,  which  leads  to  offensive  and  defensive  wars  and  expeditions, 
the  study  of  which  is  imcommonly  interesting  for  the  comparative 
psychologist. 

As  I  said  before,  the  workers  find  their  way  outside  with  the  help  of 
their  sense  of  smell  and  of  touch,  aod  partly,  also,  with  their  eyes.  But 
this  is  frequently  very  dif&cult  for  them,  and  they  help  one  another  in 
two  ways.    Individuals  with  especially  good  sense  of  smell  (with  stronger 
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olfoctory  bulbs  of  the  anteniue)  which  have  foaud  somethiug  useful  or 
dangetoua,  come  home,  butt  impetuonsly  agamst  manj  companions,  turn 
round,  and  are  accompanied  by  a  number  of  workers  to  the  place  of  the 
finding  or  of  the  d&nger,  guided  by  means  of  their  sense  of  smell.  On 
the  waj  they  often  turn  round  to  find  out  whether  they  are  followed. 
Ants  with  relatively  poorer  sense  of  smell  return  home  after  having  found 
something;  take  hold  of  a  companion  with  the  upper  jaws,  and  induce  him 
to  hare  himself  carried  to  the  new  place,  motionless  and  partly  rolled  np. 
The  carried,  apparently  motionless,  ant  sees  and  smells  the  way  all  the 
same,  even  if  it  amounts  to  thirty  or  forty  yards.  She  returns  to  the 
nest  herself  and  ^ain  brings  new  companions  to  the  place  of  emigration. 
In  this  way,  ants  which  have  lost  their  way  have  themselves  carried  home 
when  they  meet  a  companion.  If  for  any  reason  a  colony  of  ants  becomes 
tired  of  its  old  nest,  the  same  course  is  chosen.  The  most  enterprising 
workers  search  for  new  places,  and  the  most  fortunate  and  active  ones 
among  them  finally  bring  the  entire  colony,  with  its  brood,  to  the  new 
site  selected  by  ibam.  These  migntions  are  exceedingly  instructive, 
since  there  are  competitions  between  two  or  three  new  aitea  until  one  is 
victorious,  because  the  ants  come  bock  from  the  others  and  reSmigrate. 

Every  workii^;  ant  is  capalde  of  doing  all  the  labors  mentioned  in 
torn,  although  many  individuals,  especially  always  the  partially  dimor^ 
phouB  forms  of  workers,  usually  have  their  preference  for  the  one  or  the 
other.  Hnber  has  shown,  and  I  have  found  it  corroborated  several  times, 
that  ants  completely  separated  recognized  one  another  after  weeks  and 
months,  and  saluted  one  another  as  friends,  merely  by  the  help  of  the 
peculiar  olfactory  organs  of  the  antennae.  This  kind  of  memory  varies 
according  to  the  species. 

There  are  immense  variations  in  the  mode  of  nutrition  of  the  ants, 
and  this  is  one  of  the  most  important  causes  of  variety  of  the  hatnts,  as 
a  few  instances  will  show. 

The  plant-lice  are  well  known.  On  meet  of  our  plants  we  find  these 
Hay,  succulent  parasites,  imbibing  wi^  their  trunks  the  juice  of  the 
plants,  but  digesting  their  rich  and  ever-present  meals  quite  insufBciently, 
so  that  their  excrements  are  a  clear  fluid  containing  sugar.  It  is  anatomi- 
cally demonatraUe  that  these  clear  droplets  are  not  secretions  of  special 
glands,  but  really  the  excrements  of  the  lice.  Most  ants  of  our  regions 
are  in  the  habit  of  considering  the  plant-lice  aa  a  kind  of  cattle,  to  look  for 
them  everywhere,  to  tickle  them  with  their  feelers  until  the  louse  passes 
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the  clear  drop,  which  is  at  once  e^ferly  edpped  by  the  ant.  When  no  ants 
are  present,  the  louae  waits  longer,  and  finally  kicks  like  a  horse,  at  the 
same  time  spurting  forth  the  drop.  By  this  the  leaves  get  a  brilliant 
coating  of  sugar,  the  so-called  honey  dew.  In  the  manner  described  the 
ants  fill  their  social  stomach  for  the  community.  Certain  q>ecieB  baild 
a  dainty  mason-work  of  stables  for  the  lice  on  the  roots  of  the  plants  in 
their  underground  dwellings,  and  even  take  care  of  the  ^gs  of  the  root- 
lice.  Other  species  baild  stables  above  ground  with  moist  earth,  and 
galleries  around  the  stalks  of  plants  which  bear  leaf-lice,  in  order  to  pro- 
tect their  wealdi  in  cattle  against  attacks  by  strangers.  In  other  regions, 
especially  in  the  tropical  countries,  little  larrte  of  cicadas  and  caterpillars 
of  butterflies  are  used  in  a  similar  way  as  cattle  for  ants.  The  ants 
always  know  enough  to  unite  their  efforts,  in  order  to  lug  home  botii 
pieces  of  prey  and  larger  pieces  for  the  conatmction  of  the  nest.  In 
America,  Africa,  and  India  there  are  ants  (Dorylides)  whose  enormous 
colonies  live  as  nomads  above  or  beneath  the  surface.  They  usually  nest 
for  a  while  in  the  ground  or  in  a  hollow  tree,  whence  they  make  enormous 
expeditaons  for  prey,  in  which  they  attack,  kill,  cut  to  pieces,  and  carry 
home  everything  alive :  cockroaches,  rats,  mice,  spiders,  etc.  When  they 
attack  a  human  habitation,  all  the  inhabitants  are  forced  to  leave  at  once ; 
and  they  are  glad  to  do  so,  because  within  s  few  hours  all  the  vermin, 
big  and  small,  are  chopped  up  and  carried  away.  Small  children  in  the 
cradle  must  be  protected  against  the  intruders  and  taken  away.  But  in 
return  the  house  is  free  of  vermin,  and  very  soon  all  the  ants,  together 
with  their  prey,  have  disappeared.  la  the  Dorylides  the  huge  females 
are  always  devoid  of  wings  and  eyes;  the  males,  also  very  la^fe,  are 
winged,  however,  and  in  possession  of  powerful  eyes.  In  a  short  excur- 
sion through  Colombia,  I  could  watch  the  expeditions  of  the  Dorylides 
species,  in  part  at  least. 

Far  more  remarkable  even  is  the  mode  of  life  of  the  ants  which 
raise  fungi.  They  belong  to  the  South  American  tribe  of  the  Ai^ni. 
In  their  frequently  very  large  nests  these  animals  form  caves  which 
reach  the  size  of  a  fist.  The  workers  climb  the  trees  in  long  pro- 
cessions, every  worker  cuts  out  a  spherical  piece  of  a  green  leaf  with 
its  strong  jaws,  and  thousands  of  them  return  laden  with  such  leaves. 
They  have  three  sizes  of  workers :  big-headed  giants,  minute  dwarfs, 
and  between  them  a  scale  of  medium-sized  individuals.  The  latter  are 
the  leaf-cutters,  whereas  the  giants  are  at  the  same  time  defenders  of 
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the  nests  and  crushers  of  the  leaves.  The  harvest  of  leaves  ia  prepared 
into  a  kind  of  a  hashed  pulp,  which  is  bnUt  up  in  the  form  of  a  laby- 
rinth, or  rather  sponge.  This  pulp  of  leaves  serves  as  cultnre  medium 
for  the  spores  of  the  fungus  (^RhogUet  got^ylophora  MoUer},  whioh  are 
present  in  the  nest  in  large  quantities.  The  leaf-pulp  rapidly  becomes 
covered  with  a  white  film.  The  army  of  working  dwar&  watch  that 
the  fungus  does  not  fill  the  nest  and  stifle  its  inhabitasta.  Every 
growing  twig  or  thread  is  at  once  out  off  by  these  pigmies,  hardly  two 
miUimetrea  long,  until  the  fungus  gets  ready  to  produce  its  second 
form,  whioh  Moller  has  o&Ued  ani-kohlrabi,  because  they  are  little 
nodes  resembling  miniature  kohlrabi.  The  fungus  produces  immense 
quantities  of  these  kohlrabi,  and  the  whole  ant^jolonj  lives  on  them. 
But  the  nutritive  power  of  the  pulp  for  the  fungi  is  not  infinite.  As 
soon  as  a  part  of  a  sponge-like  fungus  garden  is  exhausted  and  becomes 
brownish,  it  is  torn  down  by  the  ants  and  thrown  in  small  brown 
grains,  out  of  the  nest,  around  which  they  fonn  wall-like  hills.  In 
return,  these  parts  are  continually  replaced  by  the  fresh  supplies  of 
leaves.  Thus  they  work  continually,  day  and  night,  throughout  the 
year,  the  leaf-cutters,  the  leaf-orusherB,  and  the  weeders  of  the  fungus 
garden,  in  busy  harmony,  for  this  magnificent  oultuie  of  fungi  destroy- 
ing the  forest.  They  are  so  numerous  that  they  give  the  life  of  the 
virgin  foreata  of  South  America  a  peculiar  stamp.  At  every  step  you 
come  across  processions  of  leaf-canying  ants  and  their  nests.  I  my- 
self was  able  in  a  short  trip  through  Colombia  to  corroborate  a  great 
part  of  the  beautiful  and  careful  scientific  discoveries  of  Professor 
Moller,  and  to  discover  the  as  yet  unknown  gardens  of  fungi  of  several 
species  and  genera.  Certain  Attini  have  a  rudimentary  instinct  of  horti- 
culture, and  merely  use  the  excrements  of  caterpillars,  wood  pulp,  etc. 
They  raise  another  fungus.  The  final  form  of  fungus  of  RhoaiUt  is  a 
large,  beautiful  agaric,  which  grows  on  the  nests  of  the  ants.  My 
attack  with  spades  on  a  nest  of  Atta  texdeni  L.,  one  metre  high  and 
six  metres  in  diameter,  turned  into  a  real  battle.  The  Indian  who 
helped  me  took  to  his  heela.  In  &  few  aeconds  my  hands  bled  all  over 
from  the  sharp  bites  of  the  large  warriors.  But  I  succeeded  in  un- 
covering about  twenty  gardens  in  a  oomer  of  the  nest.  Almost  every 
bite  of  a  warrior  bleeds.  The  natives  use  these  animals  for  suturing 
wounds ;  they  have  the  ant  bite  together  the  two  wound  margins,  and 
then  they  sever  the  body  from  the  head.     The  head  renuuns  fastened  with 
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the  jaws,  and  closes  the  wound  like  a  small  forceps,  t.  Jhering  has 
shown  tihat  the  fertilized  females  of  Attini  carry  in  the  mouth  a  piece 
of  the  fungus  taken  from  the  nest.  In  this  manner  they  have  the 
germs  from  which  their  brood  raises  a  new  garden.  North  America  has 
a  small  horticultural  ant,  Atia  (^Traehymyrmex)  Tardigrada  Buckley,  var. 
tepterUrionalit  McCook. 

The  habits  of  other  species  of  ants  were  well  known  to,  and  inter- 
preted by.  King  Solomon.  I  speak  of  the  subgenus  Mestor^  which  Utcs 
in  massea  around  the  Mediterranean  Sea.  These  animals  also  make  large 
oaves  in  the  ground.  They  collect  the  seeds  from  all  kinds  of  plants, 
and  accumulate  their  subterraneous  granaries.  There  they  know  how 
to  prevent  the  sprouting  until  it  is  convenient  for  them.  Then,  in  the 
moment  of  beginning  germination,  when  the  starch  changes  into  dias- 
tase and  sugar,  they  eat  the  grains,  both  in  summer  and  in  winter. 
There  are  no  real  winter  provisions,  as  Solomon  thought. 

In  Texas  there  is  an  ant  (^Pogonomyrmex  molefacient)  which  allows  just 
one  kind  of  grass,  Aristida  oligantha,  to  grow  around  its  nest,  while  all 
the  other  plants  are  weeded  out.  It  feeds  on  the  seeds,  and  is  the  famous 
^tioultural  ant  of  Linceoum.  A  closely  related  form  (P.  barhatvi*) 
makes  peculiar  pavements  on  the  surface  of  its  nest  with  little  stones. 
Other  ants  (Myrmecoeyitua  melliger  and  Mexieanusy  use  part  of  their 
workers  as  provision-pots.  These  ants  are  so  overfed  by  the  other 
workers  that  their  first  stomach  or  crop  reaches  the  size  of  a  wine-grape, 
and  correspondingly  distends  the  abdomen.  These  so-called  "nurses" 
cannot  walk  any  longer,  and  hang  in  the  subterraneous  spaces  as  pro- 
vision-pots for  the  community.  Types  of  this  kind  live  in  Mexico, 
Colorado,  and  Texas,  and  are  dug  out  and  eaten  by  children.  McCook 
has  studied  their  habits. 

A  topic  worthy  of  admiration  is  the  so-called  symbiosis  of  a  South 
American  ant,  AzUca  MiilUri,  with  the  Cecropia  tree  Imbanba  (^Ceeropia 
peltata).  The  tree  is  hollow  inside.  On  peculiar  cushions  of  the 
shoulders  of  its  leaves  it  produces  granules  rich  in  albuminous  substance 
and  not  present  in  other  Cecropias  (Miiller's  granules).  The  ant  lives 
in  the  hoUow  space  of  the  Cecropia,  where  the  mother  of  the  colony  digs 
into  an  apparently  specially  adapted,  thinner  portion.  In  this  tree  the 
Axteca  finds  a  home  and  its  food  in  the  granules  of  Miiller.  But  it  is 
very  bellicose.  As  soon  as  the  leaf-cutting  ants,  just  mentioned,  attack 
the  Cecropia,  the  furious  Aztecas  defend  the  tree  and  throw  them  back. 
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With  what  foiy  the  Aateea  species  defend  their  trees  with  the  help  of  a 
very  odoroos,  resinous  sabstanoe  secreted  by  the  aiuil  glands,  I  have  been 
able  to  see  repeatedly  in  Colombia,  where  some  live  in  self-made  pulp- 
nests,  hanging  on  the  branches  of  trees,  others  in  the  Cecropias  and  o^ier 
hollow  trees,  and  one  even  under  the  flat  leaves  of  a  kind  of  ivy.  Ilie 
symbiosis  of  AxUea  WUUri  with  the  Oeeropia  peltata  is,  however,  incom- 
plete, inasmuch  as  a  complete  mutual  dependence  of  the  two  organisms 
does  not  exist ;  the  Ceoropia,  at  least,  can  live  without  the  ants,  at  least 
in  its  first  years.  But  the  ^mbiosia  of  the  fungus  Bhomtet  gongylophora 
with  the  Atta  species  is  complete.  Neither  fungus  nor  ant  can  live  by 
itself ;  each  is  absolutely  dependent  on  the  other. 

The  ant  nests  have  their  panrates  and  domestio  <».tiimf>1(f  like  the  dwell- 
ings of  man.  Certain  lioe  and  worms  trouble  the  ants,  and  lay  their 
eg^  into  their  brood.  There  also  exist  very  wonderful  relations  between 
oertun  beetles,  lepiamas,  centipedes,  etc.,  and  the  colonies  of  ants. 
They  are  called  guests,  although  as  a  rule  they  are  rather  harmfol  lodgers 
for  the  ants.  They  are  tolerated  or  even  loved  by  the  ants  on  account  of 
a  certain  odor  or  pleasant  secretion  of  their  hairs,  which  the  ant  licks 
passionately.  They  live  as  members  of  the  colony  in  the  ant  nest,  and, 
as  Wasmann  has  so  well  described  and  Janet  corroborated,  take  the  habits 
of  ants.  They  are  fed  by  the  ants  from  mouth  to  mouth,  and  even 
feed  each  other.  They  communicate  by  means  of  their  feelers  with 
the  ants,  and  vrith  one  another.  Even  their  brood  is  usually  fed  and 
raised  mostly  by  the  ants  as  if  they  were  their  own.  Long  ago  I 
observed  the  feeding,  transportation,  and  nursing  of  the  larvte  of  AtemeUt 
(a  beetle  Uvuig  with  the  ants),  and  wondered  why  the  ants  cared  for 
these  strangers  just  as  for  their  own  brood,  without,  however,  knowing 
then  that  these  larvfe  belonged  to  the  same  beetle  which  is  a  guest  of  the 
ants  as  an  adult.  Wasmann  has  proved  this ;  he  also  has  demonstrated 
the  harmful  influence  of  these  guests  on  the  ant  colony  which  begins  to 
produce  pathological  malformations  between  the  worker  and  female, 
described  by  me  formerly  without  a  knowledge  of  the  cause. 

Other  guests  are  rather  mischievous  thieves,  which  creep  into  the 
nests  and  eat  the  ants  or  their  brood  (Myrmedonia),  or  merely  in  order 
to  eat  the  excrements  of  ants  (pinarda).  The  excellent  biologist,  Was- 
mann, knew  that  in  migrations  of  a  colony  of  ants  to  a  new  nest  the 
whole  gang  of  little  guests  (beetles,  centipedes,  epismas)  know  how  to 
follow  the  ants  into  the  nest,  following  the  trace  by  their  sense  of  smell. 
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I  myself  have  oorroborated  thia  observatios.  This  is,  however,  not  the 
case  with  the  small,  round  Thorictiu  Foreli  living  in  the  nests  of  the  lai^ 
and  long-legged  Myrmeeocyttut  megalocola  in  Algeria.  It  is  too  small 
and  too  slow  to  be  able  to  follow  the  swift  ant.  Consequently  this  beetle 
(discovered  by  me  in  Algeria,  and  called  after  me  by  Wasmaim)  always 
clings  to  the  shaft  of  the  feeler  of  the  ant,  and  is  carried  in  this  way.  A 
peculiar  notch  in  the  head-shield  allows  it  to  wholly  embrace  with  its 
jaws  the  feeler  of  the  ant  without  hurtii^  it.  Lately  Wasmann  believed 
that  he  found  that  the  beetle  bores  a  hole  into  the  shaft  of  the  feeler  of 
the  ant  with  its  lower  jaws  and  suck  its  blood.  But  Eacherich  denies 
this,  and  the  matter  is  not  settled. 

Even  more  remarkable  than  the  relations  of  these  guests  are  the 
slaves  and  the  friendly  relations  of  some  species  of  ants  to  one  another. 
Many  years  ago  I  accidentally  discovered  that  some  of  our  ants  (for 
instance,  Formica  rtffo,  the  common  ant  of  our  forests),  which  usually 
live  by  themselves  and  work  hard,  iu  very  exceptional  cases,  probably 
after  a  war  in  which  they  were  victorious,  let  the  chrysalides  of  other 
weaker  species  (Formica  fusca')  hatch,  rear  them,  and  consider  them  as 
members  of  their  community.  This  is  the  origin  of  the  rare  mixed 
colonies  which  give  the  explanatory  history  of  evolution  in  the  animal 
series  for  the  following  long-known  fact.  Charles  Darwin  had  theo- 
retically surmised  that  mode  of  origin  of  the  instinct  of  slavery  in  ants. 

The  ForrrUoa  latiguinea,  as  Huber  first  discovered,  is  almost  always  in 
the  habit  of  making  irregular  raids  in  June,  July,  and  August,  in  whioh 
they  surround  the  nesta  of  Formica  futea,  attack  this  weaker  species, 
and  chase  away  after  a  violent  struggle  the  inhabitants  of  the  nest,  whose 
brood  they  seize  and  carry  home.  The  larvse  and  chrysalides,  kidnapped 
in  this  manner,  hatch  in  the  nests  of  the  tat^vinea,  where  they  feel  at 
home  very  much  as  kidnapped  infants.  There  they  render  the  greatest 
service  as  workers  to  the  robbers,  so  that  the  latter,  although  also  rela- 
tively active,  lead  an  easier  and  more  insolent  life  of  prey  than  their 
nearest  relations.  This  gives  the  Formica  tanffuinea  a  very  peculiar, 
enterprising,  and  intelligent  biological  stamp.  It  is  taken  up  by  the 
daily  labor  much  less  than  other  species.  The  so-called  slaves,  or  better, 
helpers,  feel  themselves  so  well  at  home  that  they  do  not  recognize  their 
real  brothers  and  sisters  from  the  robbed  nest,  and  treat  them  as  enemies. 
It  is  established  that  the  ability  of  ants  to  recognize  begins  only  a  few 
days  after  the  hatching  of  the  chrysalis,  when  the  soft  chitine  is  getting 


.,  Google 


Biohgy  of  Ants.  445 

harder.  In  order  to  show  this,  I  have  put  together  kryse  luid  new-born 
antfi  of  Tarions  species  and  genera,  and  raised  a  mixed  bnt  peaceable 
colony.  In  North  America  there  are  families  of  Formica  tcm^ifua 
(rubimmda  Emery,  etc.)  which  hare  similar  habits. 

The  Amazon  ant  of  Huber  (Polyergut  ■n^etcerui)  has  developed  far- 
ther the  system  of  slaves.  Their  dagger-shaped,  bent  jaws  are  alre^y 
unfit  for  work.  Like  a  Macedonian  phalanx,  its  rust^jolored  army,  con- 
siating  of  usually  from  800  to  1200  ante,  rushes  from  its  neet  on  summer 
afternoons.  In  a  close  array  and  forced  march  it  follows  the  path  pre- 
viously reconnoitred  by  a  few  robbers,  and  in  one  haU  to  one  hour  it 
covers  distances  of  from  fifty  to  one  hundred  metres.  It  is  true  tbe  army 
often  loses  its  way  oi;  stops  until  a  few  ants  have  found  it  again,  rapidly 
butt  with  their  heads  against  the  others,  and  give  them  the  sign  to  follow. 
If  not,  the  swarm  returns  unsuccessfully.  As  a  rale,  however,  they  reach 
a  nest  of  Formica  fvMca  or  rufiharhxa,  rush  with  an  incredible  haste  into 
the  entrances  of  the  nest,  and  sack  in  a  few  minutes  the  entire  brood  of 
the  unfortunate,  overpowered  ants  in  order  to  run  home,  and  to  throw  the 
prey  simply  to  their  helpers.  The  observation  of  such  an  expedition  is 
probably  the  most  interesting  zoological  spectacle  I  ever  have  witnessed. 
I  have  observed  them  very  often  in  the  canton  of  Vaud,  and  kept  statis- 
tics on  the  number  of  expeditions,  of  the  soldiers,  of  the  robbed  nests,  and 
the  rapidity  of  tiie  march.  The  Amazon  ant  completely  depends  on  its 
helpers.  Their  entire  brood  is  fed  and  cared  for  by  them.  Yea,  the 
robber  cannot  even  eat  without  help,  and  starves,  as  Huber  and  I  have 
shown,  in  presence  of  the  richest  food,  if  it  is  not  poured  into  its 
mouth  by  the  helpers.  It  is  able  to  swallow  if  its  mouth  happens  to  get 
into  honey ;  but  the  instinct  to  eat  has  been  lost.  The  North  American 
Polyergut  hteidua  (which  robs  Formica  pallida  falva)  and  hrevicept  have 
the  same  habits. 

The  little  genus  Stron^ylognathu*  shows  how  the  instinct  of  robbing 
slaves  can  slowly  develop  into  parasitism.  In  1871,  I  discovered  a  new 
species  in  Wallis,  Strongylognathta  Svheri,  and  I  was  able  to  show  on 
the  spot  by  an  experiment  that  it  can  rob  like  Polyergiu.  The  more 
frequent  and  smaller  Strongylognathua  teitaceut,  however,  cannot  do  this 
any  longer.  This  small  and  weak  animal,  in  which  the  workers  are 
dying  out,  according  to  my  observations,  still  shows  ridiculous  remnants 
of  the  fighting  tactics  of  its  relatives.  Wasmann  has  proved  that  the 
fertilized  female  of  this  ant  sneaks  into  the  nests  of  another  kind, 
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Tetrantoriutn  sMptfum,  is  receiTed  by  the  workers  beside  the  Tetramorium 
mother,  and  lives  beside  her.  For  soma  caose  the  Tetramoriums  raise 
from  thai  time  on  the  workers  of  their  own  species  only ;  whereas  they 
allow  the  larrs  of  the  males  and  females  of  their  own  species  to  perish ; 
instead  of  this  they  raise  the  whole  brood  of  the  S&tm^jflogmUhut  mother, 
perhaps  merely  since  it  causes  less  trouble  and  work. 

At  last  the  parasitism  of  the  Anergatta  atratviut  goes  even  further, 
they  having  become  totally  devoid  of  workers.  Here  the  fertilized 
female  of  Tetramorivim  eatpiiitm  is  received ;  whereas  the  own  mother 
of  the  colony  of  this  species  disappears  in  a  manner  not  yet  explained. 
Aa  long  as  the  existing  workers  live,  they  nurse  the  entire  brood  of  the 
Anergatea  female,  consisting  merely  of  winged  females  and  wingless 
males.  The  Tetramorium  workers  from  that  time  merely  work  for  the 
parasites.  The  females  of  Anerffotsa  are  fertilized  in  the  nest  by  their 
own  brothers ;  not  till  then  do  they  fly  out  to  found  new  nests.  In 
this  manner  the  species  is  subject  to  continued  inbreeding,  sinoe  them 
is  always  only  one  mother  in  a  nest ;  but  it  does  not  seem  to  suffer 
from  it.  In  North  America,  Spoecus  Pergandei  lives  as  a  parasite  with 
MonoTnoriwm  minnUmm.  Bat  nothing  definite  is  known  of  its  biology  as 
yet. 

Another  ant,  Farmieoxttuu  nUidvlus  Nyl.,  lives  as  a  small  but  active 
tolerated  guest  with  its  entire  brood  in  the  partitions  of  the  nests  of  the 
common  wood  ant.    It  also  lives  in  the  Rocky  Mountains. 

The  northern  Tomagnathv*  avAlcevit,  however,  according .  to  Adlerz, 
penetrates  as  a  brutal,  uncalled-for  guest  into  the  nest  of  a  weaker  ant 
(Leptothorax  acervorvm),  and  forces  its  brood  on  these  animals,  more- 
over allowing  itself  to  be  lazy  and  comfortable  and  fed  by  the  host. 
The  wingless  worker  of  Tomognathus  is  at  the  same  time  female;  the 
male  is  winged.  TomogmUhua  Amerieanua  from  Washington  probably 
lives  in  a  similar  manner. 

The  tiny  bat  warlike  iSolenopaia  fagax  Uvea  in  very  small  rooms  and 
channels,  which  it  barrows  into  the  partitions  of  the  nests  of  larger  ants ; 
but  it  lives  there. as  an  enemy,  robber,  and  thief,  sneaking  among  the 
brood  of  the  larger  kind  and  eating  it  ap.  Since  my  first  publication  of 
tiiis  point  in  1869,  it  has  become  known  that  this  manner  of  living  occurs 
in  a  large  group  of  the  SolenopaU  species  and  related  genera,  such  aa 
.JEromyrma,  certain  Sfonomortum  species,  etc.,  which  all  represent,  in  this 
manner,  small  robbers  hidden  in  the  walls  of  the  nests  of  larger  species. 
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It  seems  that  in  Kortli  America  Solenoptit  modern,  poUvx,  and  7nolg$ta  live 
in  a  Bimilar  manner.  In  Africa  and  India  the  CaTtbara  species  live  in  the 
same  waj  in  the  nest  of  Termitea,  also  j^omtfrma  in  Madagascar. 

In  the  Colombian  virgin  forests,  I  discovered  in  1896  a  now,  previ- 
ously unknown  relation  of  two  ant-colonies,  which  I  oalled  parabiont. 
A  small  XMiehod«rui  and  a  still  smaller  OremattoffotUr,  both  of  a  deep 
black  and  glossy,  live  osually,  though  not  always,  together  in  the  follow- 
ing manner:  They  inhabit  the  same  nest,  probably  robbed  from  a  species 
of  Tervatet.  The  cavities  and  galleries  are  all  in  open  connection,  and 
are  inhabited  by  the  two  species  in  a  mix-up,  almost  inextricable  to  the 
human  eye.  This  much  is  certain,  that  the  two  species  do  not  mix.  Each 
occupies  definite  rooms  and  galleries,  and  cares  for  its  own  brood  only, 
notwithstaiiding  the  open  communication.  But  there  is  peace,  never 
war ;  in  common  expeditions,  the  two  species  leave  the  nest  in  order  to 
find  food  on  plants  and  trees,  bat  only  to  the  point  where  tiiie  final  aims 
divide ;  there  they  separate,  and  each  species  goes  on  to  its  special  aim 
(the  plant-lice  or  flowers).  Thus  we  have  a  peaceable  symbiosis  without 
mixing  and  without  any  intimate  relations.  The  relation  of  gaests  might 
well  be  called  "Xenobiosis,"  the  helpers'  relation  "  bcethobiosis."  These 
expressions  would  be  preferable  not  only  amot^  ants,  but  also  for  analo- 
gous relations  of  other  animals.  Wasmann's  ezpressiom  ("  Symphilie," 
etc.)  are,  however,  preferable.  Apart  from  the  raids  and  the  other  con- 
ditions described,  the  ant  colonies,  even  those  of  the  same  species,  have 
warfare  usually  about  the  source  of  nutrition.  We  men  believe  our- 
selves the  sovere^ns  of  the  earth.  Obviously,  the  ants  do  the  same  in 
their  little  world,  since  the  larger  c<dony  considers  a  certain  district 
around  its  nest  as  its  property.  This  district  comprehends  trees,  plants, 
and  the  soil ;  whoever  enters  it  is  attached,  and,  if  possible,  slain.  Hence 
the  WOTS  between  neighboring  colonies,  wars  which  are  often  carried  to 
the  annihilation  of  the  weaker  part.  A  victory  is  accounted  for  by  the 
number  and.  courage  of  the  warriors,  and  also  by  certain  weapons,  as 
stings,  poison-sacks,  hardness  of  body,  swiftness,  resinous  secretions  of 
the  anal  glands  which  are  spurted  out,  certain  tricks,  as  for  instance  in 
Polyergut  the  piercing  of  the  brain  of  the  enemy,  in  Formica  exieeta  the 
sawing  off  of  the  neck,  or  the  Uke.  The  smaller  kinds  usually  take  hold 
of  the  legs  of  the  larger  ones,  seize  them  this  way,  and  finally  kill  them  by 
the  nnmber  of  their  pricks  or  bites ;  whereas  the  big  ones  cut  or  crush  the 
small  with  their  jaws.    Whole  chuns  of  combatants  are  formed,  of  which 
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few  may  emvive  the  battle.  Slowly  the  victor  gains  groond,  until  the 
enemy  either  faces  about  or  finally  is  surrounded  in  its  own  nest,  chased 
away,  or  killed  with  its  entire  brood.  Besides  such  larger  wars,  which 
may  last  days  or  weeks,  there  are  innumerable  skirmisheB  aloi^  the  fron- 
tiers, especially  about  the  possession  of  plant-lice. 

Tet  ants  do  not  merely  murder  and  carry  on  warfare  ;  they  also  can 
make  peace.  This  does  not  only  happen  because  two  exhausted  colonies 
often  give  up  fighting  and  avoid  a  certain  strip  of  contested  land,  but 
also,  in  rare  cases,  by  ooalition  and  complete  union.  I  have  produced  this 
experimentally  by  mixing  rather  large  parts  of  nests  of  various  colonies  of 
Formica  futea  with  their  inhabitants,  or  at  least  putting  them  close 
together  in  a  strange  place,  where  they  were  forced  to  bmld  a  new  nest. 
Necessity  and  circumstances,  the  mutual  need  for  food  and  habitation, 
reduced  the  warlilie  impulses.  After  usually  inmgnifioaat  threats,  taunts, 
and  weak  attempts  at  fighting,  the  ants  began  to  work  together,  and  in 
the  course  of  one  or  two  days  formed  one  harmonious  colony.  If,  how- 
ever, you  bring  part  of  a  colony  near  the  nest  of  another  one,  it  is  driven 
away  and  often  annihilated. 

Once  (1871)  I  poured  the  inhabitants  of  two  colonies  of  very  hostile 
different  kinds  (^trmiea  ton^tnes  and  pratttma)  into  one  bag  and 
allowed  them  to  struggle  one  hour,  in  order  to  put  them  into  connection 
with  an  artificial  ghws-nest.  Fighting,  with  the  greatest  excitement  and 
total  confusion,  the  ante  reached  the  glass-nest  where  they  carried  their 
larvs.  Necessity  gradually  reduced  the  fever  of  the  battle.  The  next 
day  several  hundred  had  killed  one  another ;  the  survivors  b^an  to  work 
together,  though  defiant  and  threatening.  A  few  kept  up  the  fighting 
spirit.  After  five  days  the  union  was  perfect.  Ten  days  later  1  aUowed 
them  to  get  out  on  the  meadow,  where  they  built  a  common  nest  and  after 
that  lived  in  undisturbed  friendship.  When,  however,  I  put  a  few  ants 
from  the  original  nest  of  the  praUtui$  with  the  new  allies,  the  new  arrivals 
were  kindly  received  by  their  former  sisters,  but  fiercely  attacked  and 
partly  killed  by  tiie  tanguinea.  This  case  is  very  instructive,  and  shows 
that  the  tangninea  had  closed  friendship  with  only  the  definite  set  of 
pratentit,  and  were  quite  well  able  to  distinguish  them  from  the,  as  yet, 
unknown  sisters. 

The  instinctive  feeling  of  duty  of  the  workers  has  been  illustrated  by 
me  in  the  following  manner :  One  meter  from  a  nest  of  Formiea  pra- 
tenait,  I  placed  a  strong  portion  of  a  strange  colony  of  the  same  kind. 
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They  soon  began  the  attack,  and  a  great  battle  began,  lasting  several 
hours  and  costing  nearly  a  thousand  lives  on  the  two  sides.  While  the 
inhabitants  of  the  nest  roahed  out  to  the  defence  of  their  home,  I  poured 
honey  quite  dose  to  the  soldieis  running  into  the  battle.  Under  ordi- 
nary oiroumstanoes  tiie  honey  would  have  become  black  with  ants  in  a 
short  time.  Bat  the  workers  passing  by  sipped  for  only  one  or  two 
seconds,  could  not  be  tempted  any  longer,  and  rushed  into  the  combat  — 
as  a  nile  into  death — although  the  ants  have  neitiier  criminal  law  nor 
court-martial.  Whoever  wants  to  be  a  coward  or  egoist  may  do  so  with- 
out any  interference.  But  the  ant  cannot  act  or  will  antisocially,  and 
this  is  the  secret  of  their  socialism.  In  the  straggle  between  the  individ- 
oal  instincts  and  impulses  ^fainst  social  ones  the  latter  usually  have  the 
upper  hand.  There  are,  of  course,  short  hesitations  whidi  are  very  in- 
structive to  observe. 

As  has  been  said  already,  the  community  of  ants  realizes  the  purest 
ideals  of  our  modern  anarchists.  No  government,  no  king,  no  laws,  no 
bureaucracy,  no  officials.  Kobody  commands,  nobody  obeys.  Even  the 
so-called  slaves  are  perfectly  free  and  work  voluntarily,  from  mere  in- 
stinct. Hence,  absolute  freedom  witii  absolute  solidarity.  When  a 
worker  wants  to  be  lazy,  he  is  oared  for  none  the  less  (this  is  seen  in  the 
Amazon  ant,  which  is  totally  dependent  on  its  "slaves").  But  this  laziness 
does  not  occur  at  all,  except  with  the  slave-makers  and  the  parasitic  species. 
Consequently  there  are  no  'craoies,  no  parties,  no  rebellions,  no  crimes; 
at  least  lUmoat  none  (and  we  most  remember  no  alcoholism  either) ;  at  the 
most  only  occasional  individual  differences  which,  however,  are  almost 
always  quite  short  and  insignificant.'  And  yet,  there  is  the  most  perfect 
order,  Indeed,  a  wonderful  skill  to  create  order  by  harmonious,  energetic 
work  in  a  short  time,  in  the  most  difficult  and  confnsed  situations  possible. 
If,  for  instance,  you  demolish  brutally  a  nest  of  ants,  take  all  the  inhabi- 
tants into  a  bag,  and  throw  them  in  a  completely  unknown  region  amidst 

1 1  bare  describod  one  exoeptlon  In  my  "  Ponimli  da  U  SniiM  "  ;  a  mixed  colony  of 
Axawm  anU  mOered  for  Uck  of  food,  owing  to  prolonged  dron^t.  Tlien  I  uw  how  a  lew 
helpers  (eUTea),  Importoned  tot  food  by  the  Araesone,  wonld  bite  their  "masten,"  uid 
flnelly  carry  tbem  m  fer  m  poadble  to  throw  them  awey.  The  hard  Amaeone  took  It  good- 
natniedly,  but  alwaya  retnmed  home  at  once.  "Hred  of  each  a  Slaypboe  labor,  one  ol  the 
helpers  began  to  bite,  eo  dut  an  Amazon  loat  patience,  pierced  the  br»ln  of  the  rebelUoua  dave, 
and  thereby  Ulled  ft  promptly.  Hila  fact  fe  quoted  by  the  famona  criminal  anthnpolo- 
glvt,  C.  Lombroeo,  and  hae  been  interpieted  as  a  case  of  crime  among  ante.  Thii  Interpreta- 
tion atanda  dtsonselon,  and  the  caae  is  certainly  instroctive. 
2a 
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eneinies,  they  reconDoitre  rapidly,  gather  the  biood,  find  a  place  for  a 
oest,  hide  the  brood  provisionally  under  leaves  or  in  the  hole  of  a  cricket ; 
the  enemies  are  kept  away,  tlie  nest  bitilt,  food,  especially  plant-lioe,  is 
sought  for  and  fooud,  etc. 

The  wonderful  and  manifold  social  instincts  of  antt  have  called  forth 
many  erroneous  views,  and  prodaoed  a  sort  of  anthropomorphism  of  the 
ant's  mind.  There  are,  indeed,  enough  analogies  and  points  of  contact  be- 
tween the  society  of  man  and  of  ants,~~alavery,  raising  of  cattle,  horticulture, 
war,  treaties,  etc.  These  are  phenomena  of  convergence,  the  complicated 
connection  of  which  in  both  ant  and  man  is  brought  about  by  the  fact 
of  social  community  of  living  brains.  The  chief  difference  lies  in  the 
inherited  automatism  of  instinct  in  the  ant,  and  the  immensely  individual 
plasticity  of  the  human  brun.  Tou  may  ask  how  it  is  tliat  the  brain  of 
an  ant,  only  the  size  of  a  pin-head  (Charles  Darwin  calls  it  the  most  won- 
derfol  atom  of  substance  of  the  world),  can  do  as  complicated  things  as 
the  human  brain,  which  we^hs  two  smd  one-half  to  three  and  one-quarter 
pounds ;  but  yon  must  consider  the  other  side  of  the  matter,  namely,  the 
immense  limitation  of  on  ant  as  soon  as  it  ought  to  do  something  that 
does  not  lie  in  its  inherited  instinct.  We  see  the  Amazon  ant,  which  has 
such  complicated  ways  of  plundering,  perish  beside  ample  food  although 
it  can  lick  and  swallow,  because  it  has  lost  the  instinct  to  eat.  Every 
species  has  its  special  tricks,  but  only  those,  and  it  never  devises  anything 
else.  It  is  true,  that  ants  adapt  themselves  to  new  conditions  to  some 
extent,  and  better  than  other  insects,  because  their  brun  is  relatively  a 
little  lai^r ;  but  this  is  the  case  only  in  a  very  limited  manner.  In  its 
whole  life,  an  ant  learns  almost  nothing  apart  from  a  certain  knowledge 
of  places,  and  the  ability  to  distinguish  other  ants ;  shortly  after  it  comes 
forth  from  its  chrysalis  it  knows  almost  all  it  will  ever  know,  innate  and 
inherited ;  whereas  the  mammals,  and  even  the  birds,  learn  very  much 
during  their  lives,  have  far  more  memories,  and  combine  and  use  them. 
Hence,  it  follows  that  mental  or  cerebral  activities  which  are  one-sidedly 
complicated,  fixed  in  the  brain  and  inherited,  necessitate  far  fewer  brain 
elements  than  the  ability  to  learn  individually  to  combine,  to  adapt  itself, 
to  practise  new  activities,  and  to  make  them  become  secondarily  automatic 
by  practice.  This  ability,  which  may  be  called  plastic  in  comparison 
with  the  automatism  of  instinct,  especially  distinguishes  the  human  brain, 
although  even  we  think  and  feel  and  act  far  more  from  inheritance  than 
we  believe.     Still  there  is  no  actual  contrast  between  instinct  and  the 
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pUstioi^  of  reason.  There  rather  are  thoasands  of  transitioiis,  espeoiallir 
the  so-called  hereditary-  dispositioiis,  which  are,  so  to  speak,  rudimentary, 
not  completely  developed  instinots,  and  which,  for  instance,  difltingmsh  a 
Mozart  or  a  Koeealzki,  who  were  able  to  become  virtuosi  and  oompoeers 
as  children,  from  unmusical  persons  over  whom  all  the  teachers  labor  for 
years  in  vain. 

The  fttiimftln  inth  complicated  h^h  instinots  are,  therefore,  by  no 
means  more  stupid  than  those  whi(^  have  only  alight  instincts.  All 
depend  on  two  different  modalities  of  brain  activity  which  may  go,  aide 
by  side,  to  a  varying  height,  without  exoludii^  one  another  mutually. 

As  I  wrote  over  twenty-five  years  ago,  the  oommnnity  of  ants  teaches 
ns  further  that  the  sooial  state  of  man  cannot  be  arranged  after  the  pat- 
tern  of  the  ants.  Man  has  too  much  and  too  little  for  this.  He  lacks 
the  sexless  workeis,  the  social  first  stomach,  and,  above  all,  the  high  social 
instinct  which,  without  any  l^al  compulsion,  works  mnch  rather  for  the 
conmiunity  than  for  itself.  In  retnm,  he  can  receive,  digest,  and  combine 
in  his  powerful  brain  a  world  of  plastic  concepts,  which  the  little  ant, 
with  her  automatic,  one-sided,  though  extremely  well-built  and  remarka- 
bly well-used,  brain  is  unable  to  do.  The  highly  developed  human  brain 
contains  an  unlimited  number  of  plastic  powers,  capable  of  development, 
connected  with  overpoweringly  strong  inherited  egoistic  instinots  and  pas- 
sions of  animals  of  prey,  but  capable  of  being  influenced  in  manifold 
manners  by  selections  and  by  individual  adaptations.  Man  and  his  brain 
cannot  be  forced  into  one  single  collective  or  anarchistic  d<^rma,  because 
overwhelming  impulses  lead  him  forcibly  toward  a  higher  evolution, 
which  cannot  be  defined  beforehand.  We  are,  of  course,  in  a  position  to 
recognize,  to  some  extent,  the  laws  of  this  psychical  evolution,  especially 
by  the  help  of  history,  of  ethnology,  of  psychology,  connected  with 
anatomy  and  physiology  of  the  brain,  and  to  remove,  in  a  negative  man- 
ner at  least,  that  which  deranges  and  inhibits  it,  as  the  use  of  alcohol,  of 
opium,  the  cult  of  the  golden  calf  and  of  illusory  gods,  and  other  causes 
of  degeneration,  and  to  try  positively  to  increase  the  number  of  the  fittest 
germs  at  the  expense  of  the  unfit.  But,  unfortunately,  the  higher  insight 
of  man  has  to  meet  continually  the  obstinate  narrowness  of  prejudice,  so 
that  the  victory  of  truth  is  not  easy. 

Notwithstanding  the  difference  of  their  physical  organizations  and 
size  from  ours,  with  all  their  relatively  low  rank  in  the  animal  series,  the 
ants,  with  their  social  biol(^y  and  psychology,  are  an  extremely  valuable 
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and  interesting  object  of  comparison,  both  of  living  nature  and  of  the 
sociaL  relations  of  man,  and  for  human  psychology  generally.  They 
prove  how  tiie  eternal,  divine  powers  of  nature  produce  equal  or  aimUar 
phenomena  in  completely  different  ways,  whether  they  be  those  of  living 
beings  in  their  various  combinations,  or  those  which  are  called  the  physico- 
chemical  powers  of  ino^anic  and  organic  nature.  Have  not  slavery,  the 
rusing  of  cattle,  and  horticulture  been  practised  by  anta  long  before  there 
were  any  men  on  earth  ?  These  anta  very  probably  hare  acquired  these 
arts  in  the  way  of  natural  selection,  automatically,  in  the  course  of  innu- 
merable generations,  with  the  helps  of  inherited  combinations,  without 
there  ever  having  existed  an  ant  which  could  have  got  a  perspective  of 
the  adequacy  of  the  process,  individually.  Man,  however,  invents  indi- 
vidually, with  the  help  of  innumerable  combinations  of  plastic  impulses, 
and  he  often  devises,  individuslly,  things  which  long  before  had  been  pro- 
duced by  natural  powers,  or  living  beings  before  him.  Let  me  mention 
the  sail  long  used  by  the  nautilus,  electricity,  etc. 

In  Proverbs  vi.  &-^  we  read :  *'Go  to  the  ant,  thou  sluggard;  con- 
sider her  ways,  and  be  wise  ;  which  having  no  guide,  overseer,  or  ruler, 
provideth  her  meat  in  the  summer  and  gathereth  her  food  in  the  harvest." 
To  this  sentence,  which  is  scientifically  true,  word  for  word,  I  add  the 
following :  She  gives  man  the  social  doctrines  of  work,  of  harmony,  of 
courage,  of  sacrifice,  and  of  a  spirit  of  solidarity. 
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pp.  149-164. 
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T,  1808,  pp.  436-480. 
Beeord  of  American  TtHk-han.     Jomr. 
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The  Child.    A  Study  In  Human  EtoIq- 

Uon.     (Volume  of  about  <00  pages. 
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Assistant  Physician,  Insane  Hospital, 
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of  Cliarlties;  Ei-preeldent,  Biookllns 
Education  Society,  and  Boston  Medico- 
Psychol(%;ioal  Sode^ ;  Tmatee,  New  Eng- 
land Conservatory  of  Mudo ;   Member, 


ol:  — 

Case  of  Helen  Miller.     Self-mntilation. 

Tracheotomy.  Am.  Jour,  of  Intanitf. 
A  Case  of  Feigned  Insanlt;.    BoUon  MtA. 

and  Surg.  Jour.,  18T8,  Vol.  98,  p.  666. 
Buildings  for  Insane  Criminals.    Proc.  qf 

Conference    of    ChariUei,    Chicago, 

June,  1879. 


.,  Google 


TUks  of 


Care  of  the  Inune  in  UaMachnaetts. 
£w(on  JIfed.  and  Brnfj.  Jour.  1BT9, 
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Note  on  the  Conatmctlon  of  HoapltnU  for 
Insane  Puipeis.  Pwn.  of  Conference 
of  Charltiea,  Cleveland,  June,  1880. 
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Recent  Fiogress  in  Insane  Aiylnm  Man- 
agement sod  Care  of  the  Insane.  Ibid., 
1681,  Vol.  104,  p.  272. 
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Recent  Progress  In  the  Construction  of 
Insane  Hospitals  and  Management  of 
the  Insane.  Boeton  Med.  and  Surg. 
Jow.,  1884,  ToL  110,  pp.  296  and  321. 
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June,  1886. 
Recent  Progress  in  the  Care  of  the  Insane. 

BotMn  Med.  aitd  Surg.  Jour.  1886, 
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and  Surg.  Jovt.,  Dec.  9  and  16,  1897. 
The  Relation  of  the  Medical  Profesdon  to 

School  Education.    Annati  of  Gyna- 

eology  and  Padiatrg,  Jan.  26,  1897. 
FhyBical  Training  In  the  Boston  Public 
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1893,  Vol.  22,  p.  808 ;  1891,  Vol.  23, 
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1802-96 ;  D.D.,  Unlventtr  of  Roeheeter, 
1893;HoiHM:aiyF*ll(nrliiPa7cholog7, 
Claik  Un]T«nflT,  1896-98;  Ph.D., 
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rit;of  Washington,  Seattle,  Sept,  ISStt-; 
Hember  of  the  Amertcan  Philological 
AaBooUtfon,  and  Eaaau   Historical  8o- 

Anttaor  ol:  — 

Freedom  of  Worablp.     Our  Young  Pto- 

plt,  April,  1867. 
Individual  UemoriM.   ^m.  Jow.  of  F»g., 

Jan.,  1B99,  ToL  10,  pp.  228-256. 
The    Time    required     for    Becognition. 

Ibid.,  pp.  286^92. 
NotM  on  Mental  Standuda  ot  Length. 

Ibid.,  pp.  S«2^9S. 

LETI  !■.    COVAKT  :  — 

A.B.,  Darbnonth  CoUege,  18T9;  Prind- 
pal  of  High  Schools,  Hlimeaota  and 
Indiana,  1S80-8S;  SaperinUndent  of 
School*,  Deadwood  and  Bapid  City,  So. 
Dak.,  1BS8-87;  A.U.,DartmouthColl^^, 
1S87 ;  Frofeeaor  of  Mathematlca,  Dakota 
School  of  Hinea,  1887-00;  Sobolu  fn 
Matlwnwtloa,  Clark  Utdtm^tr,  1890- 
91 ;  Attiatant  Fntfeaaor  of  Hatbemadea, 
Woioeater  Folrt«duile  Inatitute,  1801-92 ; 
A.U.  and  Fh.D.,  SyiaciUB  UnirenltT, 
1808 ;  Aaaoelate  Frofeaaor  of  Hatbematlcs, 
Worceiter  Polytechnlo  Inatitnte,  1808-08 ; 
ProfeMor  of  Mathematlca,  ibid.,  180^ 

Aat&or  of:  — 

HiMorical  Development  of  AriOimetloal 
Notation ;  and  Text  Booka  in  Arith- 
metic. Pedagoffieal  SemiHory,  Jnne, 
1892,  Toi.  2,  pp.  149-168. 

Primltlre  Knmber  87at«ma.  SmiAionian 
B<g>OTt,  1802,  pp.  683-691. 

The  Teaching  of  Mathematlea.  Seltwil 
Beeitw,  April,  1808,  Vol  1,  pp.  810- 
217. 

Note  on  the  Tranalatlon  of  Certain  Ma- 
moln  cm  Infinite  Series.  BuU.  of  At 
2f.  T.  Math.  Boc,  1801. 


The  Ori^  of  Numeral  Worda.    iVoc  A. 

A.  A.  S.,  1601. 
Bngllah  Folk  Tales  in  America.    Jour,  of 

Am.  Folk-Lon,  April-June,  1806,  VoL 

8,  pp.  113-144. 
The  Number  Concept.     Macmillan  and    . 

Company,  New   York,    1888.     yL  + 

218  pp. 
An  Application  of  the  Theory  of  SnbsU- 

tutiona.    Am.  Math.  Soc,  Ang.,  1808. 

ALFRED  COOK:— 

A.B.,  NorthwesMm  nniveralty,  18T7; 
Ph.D.,  nnlreraity  of  Halle,  18BS;  FeUow 
by  conrteay,  Johns  Hopkins  UnlTeisi^, 
1887 ;  Superintendent  of  Schools,  Nimonk, 
QL,  1887-88;  Instructor  in  f^osopbj, 
Bryn  Hawr  College,  1888-60;  Dooaot 
u>d  Lttottmr  on  Hiatoiy  of  PMIobo- 
pbr,  CUrk  Unlvaraltj',  1889-90 ;  Inde- 
pendent UnlTersltj  Extension  Lecturer 
on  Fayohok^  and  (m  the  Philosophy  of 
Hlstorr,  1808-. 

AnthoT  of:  — 

Uefaer  die  BerkelejnKbe  PhllDBoidile.  C 
A.  Kaemmenr  &  Co.,  Halle,  1886. 
18  pp. 
Oirmonj  of  Natural  Law  and  Free  Will, 
aDisaertatlon  on  the  Kantian  Philoso- 
phy.   Bloomingtoo,  Bl.,  1888.    16  iff. 


A.B.,  Carthage  College,  1878;  A.M., 
(bid.,  16T0 ;  Professor  of  HathemMica,  Ht. 
Horria  Academy,  1880-84 ;  Profeeaor  of 
UatbematSoa,  Carthage  College,  1881-86 ; 
Superintendent  of  Schools,  Carthage,  BL, 
1886-80;  Soholax  in  Math«n«tlo«, 
Claik  ITnlTaTrit7,  1889-90  ;  Profeaaor 
of  Hathematles,  State  Normal  School, 
Winona,  Hlnn.,  1800-01 ;  Student  In 
Mathematios,  Unirersfty  of  Halle,  1801- 
08  ;  Prof  eaor  of  Mathematics,  Fort  Worth 
University,  Texas,  1802-91;  Student  in 
Mathematlca,  nnivDrslty  of  Chicago,  1801- 
06 ;  Principal  of  Academic  Dqiartment  of 
Coe  CoUegie,  1806-86 ;  Principal  of  Hlgft 
School,  Lake  City,  Minn.,  1800-07  ;  Bupei^ 
Intendent  of  Schools,  I>ak«  City,  Minn., 
1807-. 
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T.  B.  CBOBWBLZi:— 

A.B.,  Bowdoin  College,  1891;  Prlndpal, 
WUtOD  Academy,  1801~M ;  Student  In 
Pedagogy,  Columbia  CoUege,  lBH-96; 
Soholar  In  Podagogy,  Clark  UnlTar- 
«lt7,  1895-97;  Teacher  in  Public 
Schools  of  Chicago,  1807-M;  TeaclieT 
In  Stevens  Point  (Wta.)  Noniuil  School, 
lege. 

Anthor  ol :  — 

Courses  of  Study  In  the  Blementuy 
Schools  of  the  United  States.  Ptda- 
gogieal  Seminarg,  April,  1897,  VoL  i, 
pp.  294-336. 

A  Study  of  Qko  nngntded  Scboob  of 
Maine.  Xatnt  School  Beport,  1897, 
Appendix  II.,  pp.  1-16. 

Amnaements  of  Worcester  School  Chil- 
dren. Ftdagogical  BeminoTTf,  Sept., 
1899,  Vol.  6,  pp.  S14-371. 

HBNRT  8.   CVBTia:  — 

A.B.,  OUret  College,  1694;  A.B.,  Tale 
University,  1896  (Hononi  In  PhUoaophy)  ; 
Fslloir  Id  FayoboloST,  Clark  Uol- 
■nxtltj,  1S95-97;  PhD.,  Clark  Unl- 
vanity,  1898;  Teacher,  N.  Y.  Publio 
Schools,  1898-. 

Learning  wilhont  Books.  Jour,  of  Ptdth 
gogy,  Jan.,  1896,  Vol.  11,  pp.  60-00. 

Inhibition.  PtdagogixaX  Saninary,  Oct., 
1898,  Vol.  6,  pp.  66-118. 

CMd«tudy  in  Connection  with  tlie  Vaca- 
tion Schools.  (WlQi  Q.  E.  Partridge.) 
Report  on  the  Vacation  Schools  and 
Flaygronnds,  N.  T.  City,  Boroughs  of 
Manhattan  and  the  Bronx,  1898,  pp. 
61-97. 

Child-study  In  Vacation  Schools.  EdueO' 
tUmal  F<»mdatii>ru,  May,  1899. 

Child-study  fn  the  Playground*.  Ibid., 
June,  1899. 

Plays  and  Flaygronnds.    (In  preas). 

ABTHUB  HIZiL  DAAIBLS :  — 

BJl.,  OltTBt  CoUc«e,  1S8T  ;  Student,  Tale 
Divinity  School,  1887-90;  B.D.,  Yale 
University,  1800 ;  Student  in  Philosophy 
and  Faychology,  Tale  University,  1800- 


08;  Fallow  In  Psyobology,  Clatk 
UtdTSntty,  1892-93;  Ph.O.,  dark 
UnlTarsltT,  1893;  Inatmotor  in  Pbi- 
loBophy,  UniverBity  of  Ulinoia,  1803-96 ; 
Assistant  Professor  o(  Philosophy,  ibid., 
1896-90;  Professor  of  Philcaophy,  ibid., 
1899-. 


The  New  Life :  A  Study  of  Bc«eneiation. 
Aja.  Jom.  of  Fw^.,  OcL,  1893,  Vol.  6, 

pp.  ai-ioa. 

The  Memory  Aftar-image  and  AttenUon. 
Ibid.,  Jan.,  1805,  Vol.  6,  pp.  66S~651. 

BCHnnJIR  C.  DAVISSOITi  — 

A.B.,  Indiana  University,  1B90;  A.M., 
AU.,  1802;  Instructor  in  MathemaUcs, 
<Ud.,  1600-93;  Associate  Profesaor  In 
Mathematics,  ibid.,  1693-.  Follow  In 
Bhthamatloa,  darkUnlvanlty,  1895- 
96 ;  Student,  University  of  Tubingen, 
Germany,  1808-90. 

aSOBQE  a    DAWSON:  — 

A.B. ,  University  of  Michigan,  1887 ;  Pro- 
fessor of  Greek  and  Engiiah  Literabuc, 
Carieton  InsUtuCe,  Fannington,  Ho., 
1887-88 ;  Student,  University  of  Leipzig, 
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School,  1689-91 ;  Professor  of  English  and 
Literature,  State  Agricultural  CoUege,  So. 
Dak.,  1891-93;  Instructor  in  English, 
University  of  Michigan,  1803-06 ;  Fallow 
In  Paychology,  Clark  UnlvarallT, 
1895-97,  PbJ}.,  Claik  UnlTvaltT, 
1897 ;  Professor  of  Psychology,  Bible 
Normal  College,  Springfield,  Mass.,  1807-. 
Anthor  ot :  — 

A  Stndy  in  Tonthfid  Degeneraoy.    PtAor 

gogical  Seminar]/,  Dec.,  1808,  VoL  4, 

pp.  221-268. 
Series  of  Twelve  Papers  on  Chlld-stady. 

IntematUnnU   Bvangel,   Sept.,  1897- 

Sept.,  1698. 
The  Study  of  Han  as  Related  to  ReUgioas 

Work.    Biblieal  World,  March,  1890. 
Interest,    the   Material    of    Instruction. 

Biblical  World,  June,  1800, 
Suggestions  as  to  the  Baala  of  a  Sonday 

School  Cnrriculum.    Tram.  III.  Soc 
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/br  Chad-Stvdv,  Apr.-Jul7, 1B09,  ToL 
4,  pp.  10-17. 
PBycblo  Rndimeots  and  Hontlit]'.    Am. 
Jour,  of  Fiyehologp.    (In  |>raM.) 

AJUFRED  T.   DB  LUmr;  — 

B.A.,  nnlverettj  of  Toronto  (wltti  Honora 
ftnd  Medal  in  Mathenutica) ,  1800 ;  FcUow 
in  Mattaamatlca,  Clark  nnlverrfCy, 
1890-91 ;  Hachematical  Master,  Whet- 
tLam  College,  Vancouver,  1891 ;  MaUiemat^ 
ical  MasUr,  CoUegiate  Institute,  Toronto, 
1B92 ;  Lecturer  in  Matheroalica  and  Dean 
of  the  Reaidence,  UniTereltj  of  Toronto, 
1B92- ;  Member  of  tlie  American  Mathe- 
matical Society. 

Anthor  of :  — 

On  Certain  Dednctlona  from  the  Theorem 

of   Dr.   Graves.      Papera  Math,  and 

Phj/B.     Sue.,     ToroiKo     Unir.,     Tear 

1S90-91,  pp.  22-30. 
Clark  University.     The  VartUv,  Toronto, 

Jan.  27,  1891,  Vol.  10,  pp.  150-151. 

HBNBY   H.   DONAIJISON:  — 

A.B.,  Tale  University,  1879;  Sheffield 
Scientific  School,  1S80  ;  College  of  Fhysi- 
ciam!  and  Surgeons,  N.  T.  aty,  1S81 ; 
Fellow,  Johns  Hopkins  Univeiaity,  1881- 
8S;  FIlD.,  Johns  Hopkins  Dniversity, 
1886 ;  Associate  in  Fsycliology,  ibid., 
1887-88 ;  Aadatant  ProfeMOr  of  Haa- 
rology,  Claik  nnlnraltT,  1B89-92; 
Frofeasor  of  Neoroiogy,  Univeiaity  of 
Chicago,  1802-. 

Author  ol: — 

On  the  Detection  and  Determination  of 

Arsenic  In  Organic  Hatter.     (Under 

Prof.  R.  H.  Chittenden.)    Atn.  Chem. 

Jour.,  Oct,  1880,  Vol.  2,  pp.  286- 

214. 
The  Inflnenee  of  Digltaline  on  Uie  Work 

of  the  Heart  and  on  the  Flow  through 

the  Blood  Vessels.     (With  Dr.  L.  T. 

SUvena)    Jour,  of  Fhjii.,  Jan.,  1883, 

Vol.  4,  pp.  165-107.     (Bee  also  note  In 

Vol.  6,  p.  46.) 
On  the  Temperatnre-Sense.     JUind,  Jnly, 

18BG,  Vol  10,  pp.  899-410. 


Motor  Sensadona  of  the  Sldii.  (WlUt 
Dr.  G.  Stanley  HalL)  Ibtd.,  Oct., 
1885,  Vol.  10,  pp.  557-672. 

On  the  Relation  of  Neurology  to  Psy- 
chology. Am.  Jour,  of  Ftj/.,  Feb., 
1888,  Vol.  1,  pp.  210-221. 

Anatomiosl  ObMrvaUons  on  the  Brain 
and  Several  Senae-Organa  of  the  Blind 
Deaf-Hute,  Lanra  Dewey  Bridgman. 
Part  I.  IMd.,  Sept.,  1890,  Vol.  8,  pp. 
298-342.  Part  H.  Dec,  1891,  VoL  4, 
pp.  248-204. 

Cerebral  Localization.    Ibtd.,  April,  1891, 

Vol.  4,  pp.  ns-iso. 

Notee  on  Models  of  tiie  Brain.  JbiiL, 
April,  1891,  Vd.  4,  pp.  180-181. 

The  Size  of  Several  Cranial  Nervea  in 
Man  as  Indicated  by  the  Areas  of 
Ibelr  Croa»«eotions.  (With  T.  L. 
Bolton.)  Ibid.,  Dec,  1891,  Vol  4, 
pp.  224-289. 

The  Extent  of  the  Visual  Area  of  the  Cor- 
tex in  Man  as  deduced  from  the  Study 
of  Lanra  Bridgman's  Brain.  Ibid., 
Aug.,  1892,  Vol.  4,  pp.  50S-613. 

Freliminary  Observations  on  Some 
Changes  caused  in  Nervous  Tissues 
by  Beagenta,  commonly  used  to 
harden  them.  Jour,  of  Morrh.,  Jan., 
1894,  YoL  g,  pp.  128-ieS. 

The  Bduoation  of  the  Nervous  System. 
Educational  BtBtevi,  Feb.,  1806,  Vol. 
9,  pp.  106-121. 

The  Grovrth  of  the  Brain.  (Contem- 
porary Science  Series.)  Walter  Boott, 
London.  Chas.  Scribner's  Sons,  New 
Totk,  1896.    374  pp. 

Central  Nervous  System.  Chapter  X., 
Sowell'g  Am.  Text-Book  of  Fhv*iol- 
ogv,  W.  B.  Saunden,  Philadelphia, 
1890,  pp.  606-743. 

Observations  on  the  Wei^t  and  Length 
of  the  Central  Nervous  System  and 
of  the  Legs  In  Boll-frogs  of  Different 
Sizes.  Jour,  of  Comp.  Ifeurol,,  Dec., 
1898,  Vol.  8,  pp.  814-336. 

D.  ELLIB  DODTT;  — 

B.8.,   University  of    Washington,  1802; 

Assistant  in  Fhysiae  Laboratory,  ibtd., 

lB96-0e  ;   Tutor  in  Physios,  aid.,  1806- 
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L.   WATIkUTD  DOWUHOt- 

Adiiftn  CoUege,  IB8B-gO;  Prindpftl  of 
SohoolB,  aiayton,  Hicb.,  1801-92 ;  F«U 
low  In  Matluawttoa,  CUrk  Unlrat- 
■ItT,  1892-93  ;  Ph.D.,  Cluk  VtOvn- 
■Ity,  189S ;  Iiutnictor  in  Hathematlca, 
Univeral^  of  Wlacoiuln,  1896-98 ;  Aaiiat- 
BntProteMorof  UatltemaUcs,  ibid.,  1898-; 
Hemb«c  of  tbe  Ameiicwi  Hatbenwdckl 
Society  ;  Member  of  Uie  Wlocoiuiii  Aod- 
emy  of  Sciences,  Arts,  and  Letten. 
AnthoT  of:  — 

On  the  Forma  of  Plane  Qointio  Cotvm. 

MathematUxa  BmbM,  April,  1807,  Vol 

1,  pp.  07-110. 

FIiBTCHBB  B.  DBBSSnAB:  — 

Inatmcuir,  VinoennM  Unirerilty,  1888; 
A3.,  Indiana  UnlTeralty,  1880 ;  Princi- 
pal, High  School,  Princeton,  Ind.,  1880- 
00;  BuperlnteadBntof  Schools,  Princeton, 
Ind.,  1890-01  ;  Soholar  la  pB]roboloK7, 
Clark  Vnlvnalty,  1891-92;  Lutroo 
lor  In  PByctkology,  Indiana  UniTcrelty, 
Sept-Dec.,  1892;  Fftllow  In  Farollol- 
ogy,  Clwk  nnlT«rdt7,  Jan.,  1893-Jalj, 
1894;  PhJl.,  Clark  Untreialty,  1894 ; 
ProfesMF  of  Psychology  and  Pedagi^y, 
8l»te  Normal  School,  Los  Angelea,  CaL, 
1804-97  ;  AuistanC  Frofeaaor  of  Uie  Sci- 
ence and  Art  of  Edneation,  UolTeraity  of 
California,  1807-. 


A  Reriew  of  the  Genns  SimotUna.  (Wltb 
Ernest  P.  Blcknell.)  Proe.  Aead.  of 
Sat.  Bel.,  Philadelphia,  18B4. 

A  Bevlew  of  the  Family  Scombrinn 
(Dlinois).  (With  Bert  Fesler.)  Bull, 
if  U.  8.  FUh  Com.,  1887. 

Temperance  Legislation  In  Indiana.  (Priie 
Essay,  University  of  Indiana.)  In- 
diana SmdtM,  March,  1887. 

BTila  of  Modem  Immigration.  (Prize 
Oration,  Cniversitj  of  Indiana.)  ibid.. 
Dm.,  1889. 

TaUgne.  Ptdauogical  Seminary,  Jnne, 
1802,  Vol.  2,  pp.  102-106. 


A  Skotoh  of  Old  BchooIhoaMS.  HM., 
Jnne,  1802,  YoL  2,  pp.  11^136. 

Some  Influences  vhlcb  a&eot  the  Bapid- 
1^  of  Voluntary  MoToment  Am. 
Jour.  0/  Ftj/.,  Ang.,  IBOS,  Vol  4,  pp. 
614-627. 

On  Facial  Vision  and  the  Frtman  SenM 
of  the  Dmm  of  the  Ear.  ibiiL,  April, 
1898,  Vol.  6,  pp.  844-860. 

A  Kev  mnslon  for  Touch  and  an  Ex- 
planation tor  the  niuslon  of  Displacft- 
m«nt  of  Certain  Ctom  Lines  in  Vision. 
nid..  Vol.  6,  pp.  276-270. 

A  New  and  Simple  Method  for  Comparing 
the  Perception  of  Bate  of  Uorement  In 
the  Direct  and  Indlivct  Fields  of  Vision. 
/6«.,  Vol.  8,  p.  SIS. 

FsTChology  of  Tonch.  Ibid.,  Jnne,  1684, 
Vol  6,  pp.  60-64. 

Outline  for  a  Study  of  Habli>-D^^en- 
tlon.  Teaehen'  Bitndbook  for  CkOd- 
StHdg.  Published  t?  lUlnolB  Society 
for  Cblld-Sttu^,  Hay,  1806,  VoL  1, 
pp.  21-23. 

Preparation  for  History  in  the  Otadea;. 
ybrmal  Ei^onent,  1896. 

The  New  Psychology  and  Its  Pedagogical 
Significance.  Froe.  Cal.  Teaehert^ 
Au'n,  Dec.,  1806. 

Bzperimants  in  Psychology.  Overland 
Monthlv,  Ang.,  Sept.,  Nov.,  Dec, 
1806  ;  Feb.,  Match,  April,  June,  1807. 

Edneation  in  Hawaii.  Edueational  Ba- 
(Tifte,  Jan.,  1808,  VoL  16,  pp.  60~M. 

Genetic  Psychology.  Northveftem 
Montblv,    April,    1800,    Vol.   0,   i^ 


Oneaslng,  M  tnflnanced  by  Number  Fraf- 
aienees.  P»p.  SeL  Mo.,  April,  1800, 
Vol.  64,  pp.  781-789. 

FRANK  DRBW  :  — 

Snperintendent  of  Schools,  Genoa,  TO., 
1887-89;  A.B.,  Indiana  Uniirersity, 
1890;  A.M.,  iMd.,  1801;  Sohotar  In 
Psyohology,  Claik  Unlvaratty,  1893- 
93;  Fallow,  1B93-4S ;  Fh.D.,  Clark 
nnlTOndty,  189S ;  InstructAr  in  Psy- 
chology, Indiana  UnlTeretty,  1806-06; 
Teacher  in  State  Normal  School,  Worces- 
ter, Mass.,  1800-. 
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AdenoldB  in  Children.    Peiagoffleal  Bem- 

Inorp,  March,  1808,  VoL  S,  pp.  SOT- 

809. 
Love  Poemi  of  College  Stadents.    Ibii. 

Dec.  1803,  Vol.  2,  pp.  504--C05. 
Attention:    Experlraenbd    and    CrlUcaL 

Am.  Jour,  of  ftp.,  July.  1808,  VoL  7, 

pp.  633^72. 

UNDBAT  OnVCAIT:— 

B.8^  Univeirity  of  Ualne,  1807 ;  Soludar 


189T--99  i  Instructor  In  HathemMlca  uid 
Engineering,  Union  College,  Sdbenectkdy, 
N.  T.,  iSOfr-. 

BOBBRT   K.   DimCAN:  — 

A.B.,  UDlvenity  of  Toronto,  1S03 ;  Fal- 
low In  ChwnlatiT,  Cluk  ITtiiTOdtr, 
189^93;  Instructor  In  Pbyaloe  and 
Chemistry,  Anbnin,  N.  T.,  Hi^  School, 
1803-65 ;  Inatniotor  in  FbyBica  and  Chem- 
iotry,  Dr.  Jullna  Sach'a  CollegisW  Inati- 
tnte,  New  Tork,  1806-08;  Non-Reaident 
Btudent,  Colmnhia  University,  1807-08; 
lustmctor  In  Fhysica  and  Chemistry,  The 
HiU  School,  Pottstown,  Fa.,  1808-. 

WILLIAH  FRBDBRICIL  DURAITD:  — 
Graduate,  U.  S.  Naval  Academy,  1880; 
Oradnatfl,  Conne  at  Sea,  1882;  Assistant 
Enghieer,  U.  B.  Navy,  1882-87 ;  Graduate 
Btndent,  Lafayette  College,  1888-85; 
Ph.D.,  Lafayette  College,  1888;  Profes- 
sor of  Uecbanlcs,  Michigan  State  Agri- 
cultural College,  1867-01 ;  SohoUr  In 
FhyBlaa,  Clark  UnivoraltT,  Nov.  and 
D«o.,  1889;  Professor  of  Marine  Engi- 
neering, Cornell  Uuivetaity,  1801-. 
Anthor  of:  — 

A  Practical  Method  of  Finding  the  Opti- 
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Boston,  1894.  19  pp.  Also  reprinted 
H  ChaptAT  XXVII  of  the  Beport  of 
U.  a.  Com.  of  Ed.  for  1804-95,  Vol.  2, 
pp.  1211-1221. 
A  Sociological  Ideal  View  of  Normal 
Schools.  iVoc.  of  Inter.  Cong,  of  Ed. 
of  the  Worli't  Columbian  fxposftton, 
1803,  pp.  422-428.  Published  by  Am. 
Ed.  Ass'n,  New  York,  1803. 
New  Views  in  Social  Science,  etc.     The 

Interrogator,  Feb.-June,  1893. 
Th»  Ideal  In  Professional  Training.    Edit- 

eaOony  April,  1890. 
Hie  Duration  of  School  Attendance  in 
Chicago  and  Milwankee.    JVoe.  Wi*. 
eonetn  Aeademn  of  Sdeneet,  ArU,  and 
Lelterv,  1807,  Vol.  12,  pp.  266-306. 
Anthropology,  not  Sociology,  as  an  ade- 
quate   Philosophy    of    Htmian    Life. 
Proo.  A.  A.  A.  a,  1898. 
Sociology  as  based  upon  Anthropology. 

Am.  Jour,  of  Soc  Set.,  1898. 
Anthropologic  Phllosophiqne.    (In  press.) 

CLBBEBNS  JAMBB  FRAITCB:  — 

A. B.,  Hamilton  College,  1896;    Boholar 
In     PaTchcdogy,    Clsik    nnfmaltT, 
189fr-99. 
Anthoi  of:  — 

The  Psychology  of  Ownership.  (With 
L.  W.  Kline. }  FedagogietU  Seminary, 
(In  press.) 
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Titles  of 


fOSBPH  ZBWIH  FRAITCB: — 

A.B.,  Hamilton  College  (Root  Setentific 
Fellomhlp,  with  Honon  In  Biology), 
18B6;  Student,  Unirenl^  ni.  Leipzig, 
1695-96 ;  Boholu  In  FsToholosy,  CiMxk 
niilv«isttx,  189fr-9T ;  A.M.  (hoaoruT), 
HuniHon  College,  1B96 ;  Sapernmr  and 
tnstTDCtoT  in  Science,  Jacob  Tome  Insti- 
tute, Port  Deport,  Md.,  1897- ;  Stodent, 
College  of  PhyslolaDa  uid  Surgeons,  Baltl- 
tnoiB,  Md.,  ISeS-W. 


The  ConMrrUion  of  CtxmoB.    An  Ehk^. 
Greaener  ft  Sctmunin,  Leipzig,  18M. 


SJucotlonoE      BeviexB, 
March,  1899,  Vol.  17,  pp.  292-296. 


A.B.,  Dolhouate  CoUege,  1869;  Gndoate 
Student,  Harv&id  UniveiBlty,  1889-00; 
Fslioir  In  PajoliologT,  ClarlE  Unl- 
vandty,  1891-93  ;  Student  in  Medidne, 
IJalhousia  Cnirenltj,  1B93-9T;  M.D., 
CM.,  iMd.,  1B9T  i  LectoierinPEjobology, 
Halifax  Ladles'  College,  189&-94;  In- 
xbmctor  In  Psyohology,  Halifax  School  for 
the  Blind,  18M-96 ;  Hoiue  Surgeon,  Vic- 
toria Oeneral  HoapUal,  Halifax,  N.  S., 
1697-98;  Practising  Fhyalclan  and  Sur- 
geon, New  Glasgow,  N.  S.,  1898-. 

AathoT  ol : — 

VUaallaitlon  as  a  Chief  Sonrce  of  ttie  Psy- 

chologT  of  Hobbes,  Loeke,  Berkel^, 

and  Hnme.    Aok.  J<mr.  of  Fif.,  Deo., 

1891,  Vol.  4,  pp.  S80-21T. 
^e  Psycbological  Fonndation  of  Natonl 

Bealism.    Otd.,  AprU,  leos.  Vol  4, 

pp.  429-4G0. 
^m   Psychological   Ba^   of   HegeHsm. 

Ibid.,  July,  1808,  VoL  6,  pp.  473-4a&. 

JOHIT  S.  TSXatCB:  — 

A.B.,  Bowdoin  College,  ISDfi;  Scholar 
In  Mathamatlca,  Clark  UnlTarMty, 
1895-96;  F«Uow,  1696-98;  Ph.D., 
dark  Unlvwalty,  1B98 ;  Supervisor  and 
bistractor  In  Hathematios,  Jacob  Tome 
bwUtote,  1898-. 


Author  of  :  — 

On  the  Tbeoty  at  Um  FertlngBiUa  to  ft 
plane  Com.     (Inpieo.) 

TOHN  FHHLFS  FRUIT:  — 

A.B.,  Bethel  College,  Ky.,187ei  Inttac 
tor  of  Latin  and  Hsthemalica,  Bl^ 
School,  Farker'a  Grove,  Ky.,  1878-79; 
ProfsMOr  of  Latin  and  Greek,  Bardatown 
Institute,  Ky..  1879^1;  A.M^  Bethel 
College,  1861  ;  President,  Liberty  Female 
College,  Gla^ow,  Ky.,  1681-83 ;  Frofenor 
of  Englisb  Liieiabtre,  Bethel  Collie, 
1883-97 ;  Soholnr  InFaToholonr, Claik 
nnlvaratty,  1891 ;  Graduate  Stndent, 
UnlTentt;  ol  Leipcig,  1894-06;  Fh.D., 
UniTeralty  of  Leipzig,  1896 ;  Professor  of 
En^h  Langoage  and  Literature,  William 
JeweUColl4:e,lB&7-;  Hemberof:  Modem 
Langnage  Association,  American  Dialect 
Society,  American  Statlatioal  Aaaodation, 
Soutiiem  History  Association. 

Aatlux  oil— 

The   Evolntion   of   Figores   of    Speech. 

Xodem  Lanf/uage  JlTofst,  Dec,  1886. 
Browning  and  Tennyaon.     lUd.,  Uty, 

1890. 
A  Flea  for  the  Study  of  UtenUre  from 

the  .fistbetia  Stao^int    Pub.  qf  the 

Xoden  LangHoge  Aaa-n^  1891.  VoL  6, 

No.  I. 
Shakespeare's  Egoism.    Pott  Xore,  Sept., 

1809,  Vol.  1,  pp.  40fr4(ff. 
The  Destiny  of  Marriage :  Portia  and  tb« 

Caskala.    Ibid.,  Feb.,   1891,  Vd.  8, 

pp.  e»-T4. 
Uode  Remus  in  Phonetic  Spelling.    Dia- 

Ua  Note*,  Bostcn,  1802,  Psrt  4,  pfL 

loe-ioa 

nte  Ideal  Uie  Need  4rf  the  Ftt^le.   AmM- 

er%  Magtuine,  Hay,  1894. 
John  Milton.    Semtnwf  MagoMim*  (Loiti»' 

Tllle,  Ky.),  March,  1890. 
The  Mind  and  Art  of  Poe's  Poetry.    A.  8. 

Bamea  &  Co.,  New  York,  1889. 144  pp. 

HOMER   aAOR:— 

A.B.,  Harraid  UniTeiaity,  1882;  A.M., 
ibid.,  1867 ;  M.D.,  ibid.,  1887 ;  Physician 
and  Surgeon,  Woroester,  Mssa.,  1888- ; 
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HononuT  Bobolar  In  Anatomy,  Clark 
ITiilvvraltj,  1889-90 ;  Surgeon  to  Me- 
morial, St.  Vincent,  wad  Woroeater  City 
Hofipltaia ;  Coiumltliig  Surgeon  to  Bkldwin- 
vHk  Cottage  Hospital. 

BEKJAMIH  tVaa  OIUtfAM:  — 

A.B.,  wmioma  CoUege,  1873;  A.H., 
ibid.,  18S0;  Fellovr,  Johns  Hopkina  Unl- 
Tersltf,  1681-68;  Lecturer  &t  Frinoeton, 
Harrard,  and  Columbia,  1890-91 ;  In- 
■tractor  In  FaroholoBy,  Clark  Unl- 
Toralty,  1892-9a  ;  Curator,  Hnfteam  of 
Pfne  Arts,  Boston,  Mass.,  1B93-. 


On  Propodtions  and  the  Syllogisn).    On 

PropoeitJona  called  Spnrlons.     J.   H. 

U.  Ctreulor,  Aug.,  1882,  pp.  240-241. 
OnOperations  In  Relative  Number.  Johni 

ffopklns  &udies  in  Logic,  188S. 
A  Study  of  the  Indoctlve  llteoriea  of 

Bacon,  Whewell,  and  Mill     Colorado 

Coilege  Studitt,  1880,  pp.  17-20. 
Zn&l  HelodioB.     Jow.  of  Am.  JftK  and 

Elh.,  Vol.  1, 1891,  pp.  «5.*1. 
On  some  Psychological  Aipecta  of  the 

Chinese  Mnsical  System,    miosophl- 

eal  Beview,  Jan.  and  Uanth,  1892,  Vol 

1,  pp.  64-71,  154-178. 
On  the  Fropertiea  of  a  One-dimensional 

Manifold.     Mnd,  Oct.,  18fi9,  N.  5., 

Vol.  1,  pp.  618-628. 
Beport  on  an  Experimental  Test  of  Hnsl- 

eal  Ezpresatreneas.   Am.  Jour,  of  Ftp., 

Virfs.  4  and  S,  Aug.  and  Oct.,  1862. 
Syllabns  of  Leotoies  on  the  Psyohol^y  of 

Pain  and  Plsaaure.     Ibid.,  Oct,  1863, 

Vol.  6,  pp.  8-60. 


A.B.,  HaTerford  College,  1887;  A.M., 
ibid.,  1886 ;  Instmctor  In  Latin  and  Hia- 
tory,  UniTSTsity  of  Sonthem  Callfomla, 
1887-88  ;  Gradnate  Btadent,  Haverford 
College,  1868-86 ;  Principal,  Danuwcns 
Academy,  Ohio,  1886-91 ;  bHtmotor  In 
Latin  and  Greek,  Oak  Qrova  Seminary, 
Taasalhoro,  Me.,  1861-93;  Principal,  Ibid., 
180^60;  BoholarlnPayolioIosy,  CUrk 
nnlTondty,  1896-97 ;    FSllow,  1B97- 


99;    Fh-D.,  CUrk  XTnlnrdtr,  1899; 
ProIenoT  of  Payohology  and  Pedagogy, 
State  KormaJ  Sdiool,  West  Chester,  Pa., 
1899-. 
Author  ol:  — 

The  Effects  of  Mind  on  Body  as  evidenced 
by  Faith  Cores.  Am.  Jour,  of  ftff., 
April,  1869,  Vol  10,  pp.  431-602. 

TOHN  H.  ORAT,  JB.:~ 

B.S.,  nniverritj  of  California,  1687;  As- 
Rlatant  to  State  Analyst,  California,  1687- 
90;  Assistant  In  Chemistry,  University 
of  California,  1869-90 ;  Instractor  in 
Chemistry,  ibid,  1800-62 ;  Fellow  Id 
Chomlstry,  Clark  nnhrandty,  1892- 
94 ;  Instractor  in  Physios  and  Chemistry, 
State  Normal  School,  Chlco,  Cal.,  1864- 
65 ;  Assistant  In  Chemistry,  nuiveraity  of 
California,  1865-66 ;  Listroctor  In  Chem- 
istry, ibid.,  1806-. 

CEPHAS  GUILIiBT:  — 

A.B.,  Victoria  Unlversfty,  Cobouig, 
Ont.  (Honon  in  English,  French  and 
Qerman  Lttetatore),  1887 ;  Modem  Lan- 
gasga  Master,  Perth,  Ont.,  1887-60  ; 
Modem  Language  Master,  Ottsira,  OnL, 
180D-84  ;  Stndent  at  Law,  Osgoode  Hall, 
Toronto,  1864-66;  Soholar  In  Fay- 
abology,  Claik  nnlvcralty,  189S-96; 
Fellow,  1896-98. 

R  B.  OUBLUT:  — 

United  States  Naval  Academy,  1877-76 ; 
Assistant  Residenl  PhTiicIan,  Children's 
Hospital,  Washhigton,  O.  C,  1682-84  ; 
M.D.  (First  Honor),  National  Medical 
College,  Washington,  D.  C,  1684 ;  Resi- 
dent Physician,  United  States  Soldiers' 
Home  Hospital,  Washington,  D.  C,  1884- 
86;  Scientific  Assistant,  United  States 
National  Mosenm,  Washington,  D.  C, 
1886-90;  Scientific  Assistant,  Biological 
laboratory.  United  States  Fish  Com- 
misuoQ,  Washington,  D.  C,  1860-66  ;  H. 
So.,  Columbian  University,  1686 ;  Fellow 
in  Biology,  Clark  nniverslty,  1B95- 
96 ;  Junior  Assistant  Physician,  Worcester 
Insane  Hospital,  1890-87  ;  Asristant  Phy- 
sician, ma.,  1867-. 
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TiOea  of 


The  Oeologlo  Age  of  the  OnptolUe 
ShftlM  of  ArbuiSM.  ^nn.  Btf.  OtoL 
Surrev,  Arkaiuaa,  1890,  Vol.  S,  pp. 
401-^18,  FI.  9. 

Some  BecBDt  GraptoUle  LIteraniTe. 
Amertean  Geoloffitt,  1801,  pp.  S6-iS. 

The  Clasaiflcatlon  of  the  HyxoaporldU, 
a  Group  of  FiotOEoan  PuHltee  tofeat- 
Ing  Fiehea.  Bull.  U.  8.  FM  Com., 
1B91,  pp.  407-120. 

The  HjxosporidU,  or  PsoroapermB  ol 
Fishes,  and  the  Epldemlos  prodoced 
by  them.     Bep.   U-   B.  FUK.  Com., 

lam,  pp.  e6-3M,  pi.  i-4t. 

The  North  Amerjeui  (^mptolites.  Jotmiol 
of  Qeolomi,  1806,  VoL  4,  pp^  Oft-lOi; 
291-811.    PL  4-6. 

O.  BTdUTLHT-  HAXJ.:  — 

A.B.,  WlUlama  College,  186T;  A.M., 
18T0;  Union  Theological  SMuinuy.N.T., 
1867-68 ;  UniTeiaiUea  BeiUn  and  Bonn, 
1869-70;  Union  Theological  Bemlnur, 
N.  T.,  1&T0-71;  UDlvenltlea  of  Berlin 
and  Heidelberg,  1871-73;  Profeaaor  of 
PhUowpbr,  Antioeh  CoUc«e,  1872-76; 
Instmotor,  Harvard  nnivenltr,  1876-78 ; 
Ph.D.,  Harvard  UnlTeraltj',  1878;  Unl- 
vereitles  of  Berlin  and  Leipdg,  1878-80 ; 
Lecturer  in  Harvard  UnlTeraitj  and 
Wllllama  College,  1880-81 ;  ProfeMor  of 
I^chology,  John*  Hopkins  UniTenltjr, 
18B1-88 ;  LL.D.,  Unlvenity  of  Michigan, 
1888,  and  Wilirame  College,  18S9 ;  FtmI- 
dent,  and  Profoaaor  ol  ParoholOBjr, 
Clark  nnlvaraitj,  18B8-;  Editor  and 
Founder  of  Atiterican  Journal  qf  FggeAol- 
ogy  (Founded  in  1887),  and  Ptdanogitai 
Seminary  (Founded  in  1891)  ;  Beddent 
Fellow  of  the  American  Academy  of  Art* 
and  Sciences ;  Resident  Member  of  t2ke 
'  Hassachnsetta  Historical  Boclety  ;  Mem- 
ber of  American  Antiquarian  Society. 

Anthoi  al:  — 

John  Stnart  Mill.  Williaint  ^vorter^, 
wmiamatown,  Ma«s.,  Ang.,  1867. 

Digest  of  Domer's  Theology.  PrUby- 
Urian  BtvUw,  Jan.,  1878,  pp.  60-9S. 

Hegel  aa  the  National  Philoaopher  of  Oer- 


many.    (Tranilated  from  the  Qeiman 

ofDr-CarlRosenkranz.)  Gray,  Baker, 

&  Co.,  St.  Loula,  1874.    160  pp. 
H«gel :  His  Followers  and  Critlca.     Jow. 

of  Bpec.  FKao*.,  1878,  Vol.  IS,  pp.  98- 

108. 
Color  Pero^itlon.    Piwi.  Am.  Aead.  <^ 

AtU  and  Si^enea,  Maiob,  1878,  ToL 

8,  pp.  402-413. 
Hie  HoscoUr  Perception  of  Spaoa.   Mind, 

Oct,  18TS,  VoL  S,  pp.  4SS-460. 
The  Phlloaopby  of  the  Fntnre.    Nation, 

Not.  7,  1878,  Vol.  ST,  pp.  288-28*. 
Phlloaopby  in  the  United  Statea.    MCnd, 

Jan.,  1879,  Vol.  4,  pp.  80-106;  alao 

Pop.  ScL Mo.,  Sapph  No.  1, 1879, p.  67. 
Ueber  die  AbhKngigkeit  der  Beactlons- 

seitan  vom  Ort  dea  BeiEoa.     (With 

J.  Y.  Kiim.)    AtcMb  /.  FhytUtl.  (Da 

Boia-Beymond),  Si^l.   Band,  1870, 

pp.  1-10. 
Die  wUlkOrliabe  Hoskelaction.      (Witli 

Hngo  Kroneoker.)    Ibid.,  pp.  11-47. 
Lanra  Bridgman.     Mind,   April,   1870, 

VoL  4,  pp.  140-172. 
Beoent  Beaeaiohea  In  Hypnotiam.    Ibid., 

Jan.,  1881,  VoL  6,  pp.  98-104. 
Aapecti  of  Oeinuui  Cnltore.     Jamea  B. 

Osgood  &  Co.,  Boston,  1881.    890  pp. 
Moral  and  Bellgions  Tiaining  of  ChDdren. 

PHnetton  Beeitna,  Jan^  1883,  VoL  10, 

pp.  26-48. 
Chain  of  Pedagogy  in  oor  Hl^er  InaUta- 

tiona  of  Learning.    JV.  B.  A.,  March, 

1883 ;   U.  8.  Bw.  of  Ed.,  CiTonlar  of 

Information,  No.  3, 1882,  pp.  86-44. 
Optical  Hlnaiona  of  Motion.    (With  Dr. 

H.  P. Borrditch.)  Ji/vT.i^I%t».,Kji%., 

1882,  VoL  8,  pp.  397-807. 
The  Ednoation  of  the  WilL     PrineOo* 

Bevivt,  Not.,  1882,  VoL  10,  pp.  306- 

826.    Reprinted  In  PadaQo^iiedl  Btmt- 

nary,  Jane,  1808,  Vol.  2,  pp.  73-80. 
Methods  of  TeaoUng  Hlatoi^.     (Bditad.) 

Glnn,    Heath  ft   Co.,   Boston,    1888. 

ziL  +  396pp. 
Educational  Needs.    JV.  A.  Bm.,  Maixih, 

1888,  Vol.  136,  pp.  284-SeO. 
Beaotion-Time  and  Atlantion  in  the  Hyp. 

notfc  State.    Jff ad,  April,  1888,  VoL  8, 

pp.  170-182. 
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Contanta  of  Children's  Minds  on  entering 
School.  Princeton  Beview,  Mhj,  1883, 
Vol.  11,  pp.  249-272;  Pedagogieal 
Seminarv,  June,  1891,  Vol.  1,  pp.  ISO- 
ITS.  Isaned  In  punphlet  form  hy 
E.  L.  Kellogg  &  Co.,  New  Tork,  189S. 
68  pp. 

Edncation  and  Thoology.  Xatton,  Julf 
26,  188S,  Vol.  87,  pp.  81-82. 

llieStudy  of  Children.  (Piltately  printed.) 
N.  Somervllle,  Mass.,  1888,  IS  pp. 

Beport  of  the  Visiting  Conunlttee  of  the 
Alumni  ol  WUliuns  College,  WilUams- 
town,  Maw.,  1884.    11  pp. 

Bilateral  Afijrmmetcj  of  FuncUon.    (With 
E.  M.  HartwelL)    JRmf,  Jan.,  if 
Vol.  9,  pp.  98-109. 

Nev  Departures  In  Edncadon.  If.  Am. 
Bev.,  Feb.  1886,  Vol.  140,  pp.  144- 
162. 

lite  New  F^cbologr.  Andovtr  Bevteie, 
Feb.  and  March,  1886,  Vol.  S,  pp.  120- 
1S6,  280^48.  Opening  lecture,  Johns 
Hopkins  Univerrity,  Oct,  1884. 

EzperimentaJ  P^ehology.  Mind,  April, 
1886,  Vol.  10,  pp.  246-249. 

Children's  CoUections.  Nation,  Sept  8, 
1886,  Vol.  41,  p.  190;  reprinted  in 
Pedagogies  Sentinary,  June,  1891, 
Vol.   1,  pp.   2S4-2ST. 

OrerpresBore  In  Schools.  Nation,  Oct. 
23,  1886,  Vol.  41,  pp.  SS8-S3d. 

Motor  Sensations  of  the  SUn.  (With 
Dr.  H.  H.  Donaldson.)  Mind,  OcL, 
1686,  Vol.  10,  pp.  66T-6T2. 

Btndies  of  Rhythm.  (Witli  Joseph  JaB> 
tiow.)  Ibid.,  Jan.,  1886,  VoL  11,  i^ 
66-62. 

Hints  toward  a  Select  and  Descriptive 
Bibliography  of  Edncation.  (Witlk 
John  M.  Mansfield.)  D.  C.  Heath  & 
Co.,  Boston,  1886.    809  pp. 

Psychical  Reaearcli.  Am.  Jour.  (/  Fl/., 
Nov.,  1887,  Vol  1,  pp.  128-146. 

I^chology.  (ReriewB.)  ^m.  .Tbiir.  of 
Fty.,  Nov.,  1887,  Vol.  1,  pp.  146-16*. 

Dermal  Senslttveness  to  Gradual  Presson- 
Changes.  (With  T.  Mot«n.)  Ibid., 
Nov.,  1887,  Vol.  1,  pp.  72-98. 

The  Story  of  a  Sand  File.     SaribnerU 
Xagatint,  June,  1888,   VoL   S,   pp. 
2k 


690-496.    Reprint,  B.  L.  Kellogg  &  Co., 

N.  T.,  1897.    20  pp. 
Intradaction    to    American    Edition    of 

Preyer's  Senses  and  WilL    (Translated 

by  H.  W.  Brown.)    New  York,  1888. 
Address  Delivered  at  the  Opening  oi  Clark 

Dni?Grsity,  Opening  Exercises,  pp.  9- 

82,  Worcester,  Mass.,  Oct.  2,   1889. 

(Published  by  the  UniverBlty.) 
A  SkeUh  ol  the  History  of  Reflex  Action, 

Am.  Jour,  of  Fsf.,  Jan.,  1890,  VoL  8, 

pp.  71-86. 
How  to  teach  Reading,  and  What  to  Read 

InScliooL    D.C.  Heath  &  Co.,  Boston, 

1890.    40  pp.     (First  edition,  1886.) 
Children's  Lies.    Aia.Jowf.  o/Ftj/.,  Jan., 

1890,  Vol.  S,  pp.  69-70.     Reprinted  in 

PedagOffical    Semlnarjf,    June,    1891, 

VoL  1,  pp.  211-218. 
The  Training  of  Teachers.    Forvm,  Be|y 

tamber,  1890,  Vol.  10,  pp.  11-22. 
First  Annas!   Report  to  the  Bosid  (d 

Trustees  of  Clark  nnl7ertity,  Worces- 
ter, Mass.,  Oct  4, 1890.    68  pp. 
UnlTenlty  Stndy  of  Philosophy,    Discos 

slon.    BegenU'  Sep.  Univ.,  State  of 

New  Torl^  1891,  VoL  106,  pp.  836-S88. 
Boy  life  in  a  Massachusetts  Coon  try  Town 

Thir^  Tears  Ago.    Proc  Am.  Antiq. 

Sac,  Worcester,  Mass.,  1891,  N.  8., 

VoL  7,  pp.  107-128. 
Educational  Reforms.    PtdagogiwU  Semi- 

nary,  Jan.,   1891,  VoL  1,  pp.  1-12. 

Appeared  also  as  Rlforme  Fedagogichs 

in  It  Bieveglio  Sduoativo,  Aprile  18- 

16, 1892,  Anno  8,  pp.  207-208,  210-211. 
lltePtinotplesofFaychclogy.  By  William 

James.    (Review.)  Am.  Jour,  of  P»y., 

Feb.,  1891,  VoL  S,  pp.  678-691. 
Contemporary  FsycbologiBts.    I.  Edward 

Zeller.    Ibid.,  April,  1891,  Vol.  4,  pp. 

166-176. 
Bnselgnement  de«  Sciences.    Bemu  Sei- 

entifique,  April  4,  1891,  VoL   47,  pp. 

480-4S8. 
Notes  on  the  Study  of  Infants.    Peda- 

gogleai  Seminary,  June,  1801,  Vtd.  1, 

pp.  127-138. 
Hie  Moral   and    Religions  Training  of 

Children  and  Adolescents.     Ibtd.,  ro> 

196^10. 
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Second  A  """ft'  Beport  to  die  Board  of 
Tnutoea  of  Clark  UniTereity,  Wowse»- 
ter,  Mm*.,  Sept.  29,  1891.    GO  pp. 

The  New  Uovement  in  Edneation.  An 
addiesB  delirered  before  the  School  of 
Pedagogy  ol  the  UiiiTenity  of  the  Citj 
of  New  York,  Dec  29,  1891.  Pub- 
lished by  the  Women'!  Advisory  Com> 
mittee,  New  Toi^,  1891.    20  pp. 

The  Outlook  In  Higher  Education.  AeaA- 
Mny,  Boaton,  Uaaa.,  Jan.,  1892,  ToL 
6,  pp.  543-662. 

Health  of  School  Childran  as  aSected 
hy  School  Boilditigs.  £qwrt  of  iVoc. 
Dept.  i4  AlperinMtidVBM,  held  In 
Braoklyn,  N.  T.,  Feb.,  189S,  pp.  IflS- 
172.  Alao  FTiK.  S.  E.  A.,  1892,  pp. 
682-691. 

Honl  Education  and  Will  Tninlng. 
Ptdagogieal  Seminart,  June,  1892, 
Vol.  2,  pp.  72-89. 

Chlld-atudy  aa  a  Basin  foi  Ft^ohotogy  aiid 
Feychologicat  Teaclilng.  B^tort  of 
Com-afSd^  1892-93,  Waahlngt^jn,  D.C., 
1896,  Vol.  1,  pp.  S67-368,  S66-ST0. 

Third  Annual  Report  to  the  Board  of 
Tnuteei  of  Clark  TJnlvenity,  Worcee- 
ter,  Haae.,  April,  189S.    108  pp. 

Fiy  ohologlCBl  Progress.  'Rie  Liberal  Club, 
Buffalo,  N.  T.,  Nov.  16,  1893. 

Child-study ;  The  Basis  of  Exact  Ednca- 
tioa.  Fontm,  Dec.,  1898,  VoL  16, 
pp.  429-411. 

American  Universities  and  the  Training 
ot  Teachers.  Ibid.,  AprU,  1894,  VoL 
17,  pp.  148-169. 

Unlvenitles  and  the  Training  of  Pro- 
limon.  Ibid.,  Maj,  1894,  VoL  17, 
pp.  267-809. 

Scholanhlpe,  fellowships,  and  the  Train- 
ing of  FroIesBors,  Ibid.,  Jime,  1894, 
VoL  17,  pp.  448-464. 

Beaearch  the  Vital  Spirit  of  Teaobtng. 
Ibid.,  July,  189*,  Vol  17,  pp.  668-670. 

Child-study  in  Summer  Schools.  Begentt* 
Buiuan,  University  ot  the  State  of 
Hew  York,  No.  28,  July,  1894.  Albany, 
K.  T.,  1896,  Vol.  1,  pp.  333-336. 

Hw  New  Fsyohology  aa  a  Basis  of  Edu- 
cation. Jbrum,  August,  1894,  VoL  17, 
pp.  710-720. 


AddnM  t  the  Bryant  Cenlennial,  Ang. 
le,  1894.  Brj/ant  Memorial,  Cnm- 
mlngton,  Haas.,  1694,  pp.  67-69. 

AddroH.  Dedication  of  the  Hasten  Free 
Pablic  Libiary  Building,  North  Brook- 
fleld,  Mass.,  September  20, 1804.  pp. 
11-2L 

On  the  History  of  American  College  Text- 
Books  and  Teaching  in  Logic,  Ethios, 
Psychology,  and  Allied  Subjects. 
iVoc,  Am.  Antiq.  3oe.,  Worceelet, 
Mass.,  1894,  N.  S.,  VoL9,pp,  187-174. 

Bemarka  on  Rhythm  in  Bdnoation.  Froe. 
N.  E.  A.,  1894,  pp.  84-86. 

Child-study.    JMd,  1804,  pp.  17a>17ft. 

Practical  Child-study.  Jour.  qT-fii,  Dee. 
13,  1891,  Vol.  40,  pp.  391-892. 

Topical  Syllabi  for  1691-169&.  Hicm 
were  one-  or  two-page  leaflets,  pre- 
pared by  Dr.  Hall,  and  privately  printed 
at  Worcester,  Hase.  They  covered: 
L  Anger ;  II  Dolls ;  IlL  Crying  and 
Lao^ilng;  IV.  Toys  and  FlaythhigB; 
V.  Folk-Lore  Among  Children; 
TL  Early  Forms  of  Vocal  B^ires- 
Bion;  Vn.  The  Early  Sense  of  Sdf; 
Vin.  Fean  In  Childhood  and  Tooth; 
IX  Some  Common  Traits  andHabits; 
Z.  Some  Common  Automatisms, 
Nerve  Signs,  etc. ;  XL  Feeling  for  0I>- 
Jeota  of  Inanimate  Nature ;  yn,  Feel- 
ing for  Objects  of  Animate  Nature; 
XIIL  Chlldren'sAppeUtee  and  Foods; 
ZIV.  Afteotion  and  Its  Oppoalt«  States 
in  Children  ;  XV.  Moral  and  Beligioos 
Ezperianoes. 

Laboratory  of  the  McLean  Hospital, 
Somervllle,  Mass.  Atn.  Jour,  of  Ja- 
•anftv,  Jan.,  1896,  VoL  61,  pp.  863- 
364. 

Fiyohio  Research.  Am.  Jour,  of  T»g., 
Oct,  1896,  VoL  7,  pp.  136-142. 

Besnlts  of  Chlld-«tndy  applied  to  Educa- 
tioiii.  TroH*.  lU.  Soc  for  CMld-itudr, 
1896,  Vol  I,  No.  4,  p.  18. 

Intzoduodon  to  the  Psychology  of  Child- 
hood. By  Frederick  Tracy.  Bosbm, 
1896. 

Address  at  Union  College  Centennial  An- 
niversary, June  24, 1896.  Printed  by 
the  CoU^e.    N.  Y.,  1897,  pp.  S90-244. 


.y  Google 


Publish^  Papers. 


499 


Topical  SylUbi  for  1696-06.  L  Pecnllu 
and  &zc«pUona1  Children,  vlOk  E.  W. 
BDhaunoa ;  IL  Moral  Defects  and 
Ferveruons,  vlth  O.  E.  Daweon ;  III 
Hie  B^tanings  of  Beading  and  Wrilr 
ing,  witb  Dr.  H.  T.  Lukens;  IV, 
Thoughte  and  Feelii^  about  Old  Age, 
Disease,  and  Death,  with  C.  A.  Scott; 
T.  Moral  Ednoatloa,  wlOk  N.  P. 
Avery ;  VI.  Stadles  of  Sohod  Bead- 
ing Matter,  with  J.  C.  Shaw;  TD. 
Comsee  of  Study  in  Elementary  Gnun- 
tnar  uid  High  Schools,  with  T.  B. 
CroHwell ;  VIH.  Eaily  Hosical  Mani- 
festaUons,  with  Florence  Marsh;  IX. 
Fancy,  Imaglnatlan,  Beverle,  witb  B. 
H.  Lindley ;  X.  llckllng,  Fon,  Wit, 
Hninor,  Laaghiog,  witb  Dr.  ArUini 
Allln ;  XI.  Sogseslion  and  ImltaUon, 
with  H.  H.  Small ;  XII  BeligioQa 
Experience,  witb  E,  E.  Starbuck; 
XIIL  Kindergarten,  wHh  Miss  Anna 
E.  Biyaii  and  Waa  Looy  Wbeelock; 
XIV.  Habits,  InstbtDte,  etc.,  in  Ani- 
mals, with  Dr.  B.  B.  Omley;  XV. 
Number  and  Mathematlo*,  wilb  D,  E. 
PhUllpe;  XVI.  The  Only  ChUd  In 
the  Family,  with  E.  W.  Bohannon. 

The  Case  of  the  Public  Schools.  AUaiOie 
XontKly,  March,  1896,  Vol.  TT,  pp. 
402-418. 

nyobologlcal  Educatian.  iVoc.  of  the 
Am.  Medtco-Fti/eitoloffieal  .dw'n.  62d 
Annual  Meeting,  Boston,  May  26-29, 
1896,  Transactions,  Vol.  8,  pp.  87- 
100 ;  also.  Am.  Jour.  ofltuanOg,  Oct 
1896,  Vol.  63,  pp.  22S-341. 

Generalizations  and  Dliections  for  ChUd- 
atudy.  Northwettam  Jour,  of  Ed., 
July,  1808,  Vol.  7,  p.  8. 

Address  at  Mount  Holyoke  College, 
Founder's  Day,  Not.  6,  1806.  JVount 
Solvoke,  S.  Hadley,  Mass.  Nov.,  IBOe, 
Vol.  6,  pp.  64-71. 

A  Study  of  Dolls.  (With  A.  C.  ElUs.) 
Pedagoffieal  Semtnan/,  Dec,  1896. 
Vol.  4,  pp.  129-176.  Beprlnt,  B.  L. 
EelloggftCo.,N.  T.,  1B97.    69  pp. 

Nature  Btndy.  .  JVoc.  N.  X.  A.,  1896, 
pp.    166-168. 

Tb»  Methods,  Status,  and  Froapecia  of  the 


Childrstndy  of  To-day.  Tram.  la. 
Boc.  for  Chtld-itudv,  May,  1896,  VoL 
2,  pp.  17S-101. 

Topical  Syllabi  for  IBOd-W.  L  Degrees  of 
Certainty  and  Conviction  in  Clilldren, 
with  Maurice  H.  Small;  IL  Sabbath 
and  Woishlp  in  Geuerul,  with  J.  P. 
Hylan;  III.  Migrations,  Trampo, 
Truancy,  Bnnning  Away,  Mc,  ««. 
Love  of  Home,  with  L.  W.  Kline ;  IV. 
Adolescence,  and  its  Phenomena  In 
Body  and  Mind,  with  B.  C.  Lancaster; 
T.  Examinations  and  Recitations,  with 
John  C.  Shaw ;  VL  Stlllnees,  Solitude, 
BesUesBuesB,  witb  H.  S.  Curtis ;  VII. 
The  F^chology  of  Heslth  and  Disease, 
vrith  Henry  H.  Ooddard ;  Vni.  Spon- 
taneously Invented  Toys  and  Amose- 
ments,  with  T.  B.  Cronwell;  IX. 
Hymns  and  Sacred  Mnslo,  witb  Bev. 
T.  B.  Feede ;  X  Puzzles  and  their 
Psychology,  witb  Earnest  H.  Liodley ; 
XL  The  Sermon,  witb  Bev.  Alva  B. 
Soott;  xn.  Special  Tr^ts  as  Indices 
of  Character  and  as  Mediating  Uk«c 
and  Dislikes,  with  B.  W.  Bohannon ; 
XnL  Beverle  and  Allied  Phenomena, 
with  a.  E.  Partridge ;  XIV,  The  Psy- 
eholc^  of  Health  and  Disease,  witb  H. 
H,  Ooddard. 

A  Study  of  FeaiB.  Asa.  Jour,  of  Ay., 
Jan.,  1897,  Vol.  8,  pp.  H7-249. 

Some  Practical  Besults  of  Cblld-study. 
First  National  Congress  of  Mothers, 
Washington,  D.  C,  1897.  D.  Apple- 
ton  and  Co.,  New  Tork,  1897.  pp. 
166-171. 

The  Psychology  of  Tickling,  T.^ngMpg  and 
the  Comic.  (With  Arthur  Allln.)  Ant. 
Jour,  of  F»y.,  Oct.,  1897,  VoL  9,  pp. 
1-41. 

Topical  Syllabi  for  1897-98.  L  Immortal- 
Hy,  with  J.  Blcbaid  Street;  U.  Psy- 
diology  of  Ownership  m.  Loss,  witb 
Lions  W.  Kline ;  IH  Memory,  with 
F.  W.  Col^rove ;  IV.  Humorous  and 
Cranio  Side  in  Education,  wilb  L.  W. 
Ellne ;  V.  The  Psychology  of  Short- 
hand Wiltbig,  with  J.  O.  Qnantz ;  VL 
The  Teaching  Instinct,  with  D.  B. 
Phillips  t  VII.  Home  and  School  PuO' 
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I  and  FflnaltlM,  witli  ChM. 
H.  Smtb;  THI  StrkightnaK  uid 
Uprightneu  ol  Bodj ;  IX.  Conveii- 
UoDAlit;,  with  Albert  ScUiu;  X. 
Lockl  Volimtarf  AatoclAtton  unong 
Teachen,  wiUi  Hbdit  D.  Sheldon; 
XI.  Motor  Education,  with  B.  W. 
Bohannoii;  XIL  Hsat  and  Cold; 
TTTi  Training  of  Teachen,  with 
W.  a.  Chamben;  XIV.  Bdncatlonal 
Ideala,  wKh  Lewli  Bdwln  York ;  XV. 
Water  PqrohoMa,  with  Frederick  E. 
Bolton;  XVI.  The  Inatitntlonal  Ac- 
tlTities  of  Children,  with  Henry  D, 
Sheldon ;  XVIL  Obedience  and  Obsti- 
nacy, wltb  Tilmon  JenUiu;  XVUL 
The  Sense  of  Honor  Among  Chlldten, 
with  Bobert  Clark. 

Some  Aspects  of  th«  Early  Sen*«  of  Self, 
.ant.  Jour.  i>f  Pty.,  April,  1898,  ToL  0, 
f^SfiI-896. 

Inltiationa  into  Adoleaoenoe.  Proc  of 
Am.  AtMq.  Soc,  Worcester,  Haoi., 
Oct  81,  1888,  V.  8.  Vol.  12,  p.  897- 
400. 

Tbe  Lore  and  Stndy  of  Natore :  A  Fart  of 
Education.  AgiieuUure  of  X(u$aehu- 
ttu.  for  1808,  pp.  134-IM. 

Tc^lcal  Syllabi  for  isee-W.  L  The  Organ- 
izatlona  of  American  Student  Lite,  with 
Henry  D.  Sheldon;  IL  UathamaUo* 
in  Common  SobooU,  with  E.  B.  Bryan ; 
nL  Malhematlca  in  the  Early  Tean, 
wHh  B.  B.  Bryan ;  IV.  Unselflahnew 
in  Children,  with  Willard  a  Small ; 
V.  The  Fooling  Impolae  In  Man  and 
AnlOMls,  with  Normal  IMplett;  VI. 
Confeodou,  wlHi  Erwin  W.  Bonkle ; 
Vn,  Pity;  Vni.  Peroeptlon  of 
Bhythm  by  Children,  with  Cbas.  H. 
Sears. 

Sdsnmtf  of  Child-study.  NonlMtwUm 
JTontAIy,  Haroh-April,  18M,  VoL  9, 
pp.  SIT-Sie.  Paidologtu,  Chelten- 
ham, Eng.,  April,  1899,  Vol.  1,  pp.  6-8. 

Hie  Kindergarten.  Bdiool  and  Hotm 
SiuBatUtn,  Bloomlngton,  Bl.,  June, 
1899,  Vol  18,  pp.  607-609. 

A  Study  of  Anger.  Am.  Jovt.  of  Ap., 
July,  1899,  Vol.  10,  pp.  61S-691. 

Hie  Line  of  Edncatlonal  Adranoe.     Oat- 


look,  Aug.  6,  1809,  VoL  03,  pp.  TOfr- 


T.  PHOCTOB  HAU.:  — 

B.A.,  University  of  Toronto,  1883;  Fel- 
low and  Inatructor  In  Chemistry,  aid., 
1883-84;  B.A.,  McMaster  Univenitr. 
Toronto,  1894 ;  M.A.,  and  Ph.D.,  Illi- 
nois Wesleyan  Univeiai^,  1888 ;  Science 
Master,  Woodstock  College,  Woodstock, 
Ont,  1886-80;  Fallow  In  Ftaysloa, 
CUik  UiilTMBlty,  1890-93;  Ph.D., 
Claik  Ualvendty,  1893;  ProfesKr  of 
Natural  Sciences,  Tabor  College,  Iowa, 
1893-W ;  ProfsHOr  of  Fhyries,  Eauua 
City  Uuiverdt;,  1898- ;  President  Society 
of  Economln,  Kansas  City;  Vlce-Piwl- 
dent  Bx-Cauadian  Bode^,  Kansaa  City. 

AnUiar  ol:  — 

The  Projeetlon  of  Foor^ld  Figures  uptn 

a  Thiee-flat.      Am.  Jovr.  of  Math., 

April,  1S9S,  VoL  16,  pp.  179-189. 
The  Poetiblllty  of  a  Realisation  of  Fonr- 

fold  Space.    BeUnet,  May  IS,  I89S. 
Hew  Methods  of  Measnring  the  Sutfaoa 

Teniion   of    Liquids.      PUIoappUeoI 

Magatiw,  Nor.,   1893,  V6L   86,  ppk 

886-418. 
Graphic  Representation  of  the  FropenteB 

of  the  Elements.    Pno.  loioa  Aaad. 

of  SeL,  1894. 
AHad-Stone.    /Md.,  1896. 
Fhyalcal  Theories  of  Oravitatlaa.    Ibii., 

1896. 
Unit  Systems  and  XHrnenstoni;   EUetHeal 

World,  Feb.  7, 189S. 
A  Physical   Themy  of    Eleetrici?  and 

Magnetism.    IbU.,  Jnly  3, 1BB7,  V<d. 

SO,  pp.  10-13. 
The  Vortex  Theory  of  Etoettid^  and 

Hagnetiam.     Home  Stti^  for  JRao- 

trfcol  Worken,  SepL,  1886,  pp.  84-80. 
Complex  Algebra  of  the  Plane  Extended 

to  Threefold  Space.  Froe.  lotaaAead. 

of  BcL,  1898,  Vol  e. 

JOHir  A.    HAJTCOCK;  — 

B.S.,  Baker  nnlversity,  1877;  Pilndpal 
of  Schools,  Indiana  and  Wisconsin.  1877- 
88 ;  Qradoate  Student  in  Pedagogy,  Unl- 
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vei^  of  WlaooiuiD,  1889-60;  M.L., 
fMd.,  1800;  atjr  Sapetintendent,  Greeii 
Bft7,  Wi«.,  1890-82 ;  QraduMe  Student 
In  PedagogT,  Zjeland  Stanford  Jr.  tlnlTer- 
Bity,  1892-98 ;  M.A.,  ibid.,  1898  ;  Fellow 
In  Pttdttgogr,  Cluk  Unlwnlty,  1893- 
M ;  Superintendent  of  Schools,  DoiMigo, 
CoL,  18M-&7  i  Temporur  Aulstftiit  Pn>- 
teasor  of  Psychology,  nniTenity  of  Colo- 
rado, 1807-08  ;  Sopeilntendent  of  Sohools, 
Santo  Bubuft,  CaL,  1899^ 
AntbOT  of:  — 

Secululatlon  of  BdncMlon.     WU.  Jour. 

ofEd.y  Htfoh,  1890. 
Fiellrolnary    Study    of    Motor    Ability. 

Fedagogiedl  Seminary,  OcL,  1894,  VoL 

8,  pp.  9^9. 
The  Kindergarten  and  Child  Stody.    Col. 

StKool  Jour.,  Feb.,  1896, 
The  Belatlon  of  Strength  to  Flezlbtllty  in 

the  Handa  of  Men  and  Children.   Pedii- 

goffteal  Seminar]/,  Oct.,  1896,  ToL  S, 

pp.  80fr-813. 
Children's  Ability  to   Beawm.      Edvta- 

tional  Swiew,  Oct.,  1890,  ToL  12,  pp. 

861'SeS. 
An  Early  Phase  of  ihe  Uannal  Training 

HoTement—  the  Manual  lAboi  School. 

Ptdagoffieal  Beminarv,  Oct.,  1897,  VoL 

6,  pp.  2B7-292. 
Mental  Dtfterenoee  of   School  Children. 

Froo.  N.S.  A.,  1897,  pp.  861-867. 
Children's  Tendendet  In  the  Use  of  Writ- 
ten Lftngnaga  Forms.     JVorMweitem 

Montkly,  June,  1808,  ToL  8,  pp.  M6- 

049.     ' 

ROLLIH  A.  HARRIS:  — 

Fh.B.,  Cornell  TJniTenlty,  1686;  Felloir 
in  Mathematics,  ibid.,  1860-871  Ph.D., 
ibid.,  1888 ;  FaUow  in  M»thamatios. 
Clark  TTnlTeidtT,  1889-90 ;  Computer, 
United  Stoles  Coast  and  Geodetic  Borrey, 
Washington,  D.C.,  1690-. 
Astfaor  of:  — 

The  Thetay  of  Iiuag«a  in  the  Bepnaanta- 
tion  of  Functions,    ^imal*  of  MaA,, 
1888,  ToL  4,  pp.  06-80, 128. 
On  the  Bxpanalon  of   •ni-     Ibid.,  ToL 
4,  pp.  87-00. 


Design  for  a  Conlc<%niph.     Settn.  Am. 

Supp.,  1800,  No.  740. 
On  the  Invariant  Criteria  for  the  Reality 

of  the  Boou  of  the  Quintlc    Annait 

of  Math.,  1891,  Tol.  6,  pp.  210-228. 
On  Certidn  Bicirculai  Quartics  Analogons 

toCaflilQi'aOTal.   Mathematical  Maga- 

tine,  ToL  2,  pp.  77-70. 
Note  on  Isogonal  Tiuiaformationji ;  Par- 

tionlarly  on  obtahiing  Certain  Syatema 
.    of  Curves  -nhich  Occur  in  ttie  Statics 

of   Polynomials.      Annalt  of  Math., 

1861,  Tol.  «,  pp.  77-80. 
Note  on  the  Use  of  Supplementary  Carres 

in   Isogonal    Transformation.       Am. 

JouT.  ofMaih.,  180S,  ToL  14,  pp.  201- 

800. 
Some  Connections  between  Harmonic  and 

Non>harmon]o  QaandlJeB,Inclading  Ap- 

plioaQona  to  the  Beductlon  and  Ft«dIo> 

tion  of  Tides.     U.  8.  Ooatt  and  Otod. 

auT.  Bifport,  1694,  Appendix,  No.   T 

(Manual  of  Tides,  Part  m.). 
Introduction  and  Historical  Treatment  of 

the   Subject,  Ibid.,  1807,  Appendix, 

No.  8  (Manual  of  Tides,  Part  L). 
Tidal  Observation,  Bquilibrium  Theory, 

and   the    Hannonio   Anolyaia,   Ibid., 
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Ecbinoderma  from  tbe  Babaou  luim'^B, 

Ibid.,  1891,  pp.  337-341. 
BeptilM  &Dd  Batnwliiaiis  ttoim  Northern 

Yucatui  and  Mexico.    Ibid.,  1891,  pp. 

468-463. 
EchiDoderme  and  Cmstaceans  ooUected  by 

the  Weat  Qreenland  ExpedlUonof  1861. 

Ibid^  1891,  pp.  479-481. 
A  New  Species  of  PyoK^uam  from  Call- 

Ionii&     Ibid.,  1892,  pp.  14^144. 

TIUCOIT  JinEUrB :  — 

B.A.,  National  Normal  Univenitr,  1882; 
Prateaaor  ol  DidAcUca,  Salluft,  Kan., 
Noimal  Univantty,  1883-86;  SnperiD- 
tendent  of  Schools,  Kingman,  Ban.,  1886- 
87;  U.A.,  National  Normal  UaiTenity, 
1891;  Educational  work  in  Colorado, 
1687-06;  Aaafatant  Stata  Supecintendent 
of  Poblio  Inatmction,  Colorado,  18H ; 
Superintendent  of  Schools,  Santa  ¥&,  New 
Hextco,  1896-07;  Boholar  In  PadatfOgy, 
OUik  TTnlTaraltr,  1897-98  j  Special 
Student,  Unlvenity  o(  Colorado,  1898-99. 

aHOROB  ELLB'WOSTH  JOHITBOH:— 

A.B.,  DartmoQth  CoUege,  1887;  A.M., 
ibid.  1891;  Principal,  Coiebtook  Acad- 
emy, N.  H. ,  1887-68  ;  Prlndpal  of  Schoola, 
Springfield,  Vt.,  1888-92 ;  Student,  Hart' 
ftnd  Ilieological  Bemlnary,  1892-98; 
Baholai  In  Fedagogy,  Claik  UniTar- 
dty,  189a-»4 ;  F«Uow,  18M-99 ;  Su- 
perintendent of  Sohoola,  Andorer,  Haas., 
I8M-. 

Author  of  :  — 

Edncation  by  Flaya  and  Gamea.  Pedo- 
gogieal  Seminary,  Oct.,  1804,  VoL  8, 
pp.  97-183. 

Contribntlon  to  the  Fsyehology  and  Peda- 
gt^y  of  Feeble-minded  Children.  iMd., 
Oct.,  1896,  Vol.  8,  pp.  248-«)l. 

Flay  In  Education.  JVbnAiMitam  Jfonthly, 
July,  1807,  Vol.  8,  pp.  8-8. 

Qamea  and  Flay.  Flnt  of  Seriea  of 
Twelve  MoDographa  on  Social  Work. 
Isaoed  by  Lincoln  Houae,  Boston, 
Haaa.,  and  The  Comioons,  Chicago, 
m.  The  Co-operative  FieM,  Cam- 
bridge, 1806.    23  pp. 


Play  in  Physical  Education.  Am.  Phyt. 
Ed.  JSec.,  Sept.,  1898,  VoL  3,  pp.  179- 
187. 

The  New  EdocaUon.  Address  delivered 
before  the  Andover  Bums  Club, 
March  10,  1808.  The  Andover  Press, 
Andover,  Maaa.,  1896.    16  pp. 

HHBBERT  P.  JOBRBON:  — 

A.B.,  Harvard  University  (vrith  Honon 
in  Natural  History),  1889;  A.M.,  {bid., 
1890  ;  Assistant  in  Biology,  WiUiams  Col- 
lege, 1890-91  ;  Fallow  In  Morirfrologr, 
Clark  TndwTidty,  1891-93  ;  Fellow  in 
Morphology,  UnlveTsity  of  Chicago,  1682- 
94;  Ph. D.,  nnlTeralty  of  Chicago,  1894; 
Inatmctor  In  Biology,  Des  Moines  Col- 
lege, 1894 ;  Assistant  Professor  of  Zo- 
ology,  UDiveralty  of  California,  1894- ; 
Member  of :  American  Society  of  Natn- 
rallsts;  California  Academy  of  Sciences; 
Ban  Franciaco  Mlcroscopioal  Sode^. 

Atxtbor  of:  — 

Amitoais  In  the  Embryonal  Envelopes  of 
the  Scorpion.  Bull.  JfKMtim  Com- 
jNiroHve  ZofH.,  Harvard  College,  1892, 
Vol.  28,  pp.  127-iai ;  3  pU. 

A  Contribution  to  the  HorphologT  and 
Biology  of  the  Stentota.  Jour,  of 
Morph.,  Aug.,  1888,  VoL  8,  pp.  468- 
6a2;  4pla. 

^re  Plastogamy  of  AetlnoaphierlanL 
Ibid.  April,  1804,  VoL  9,  pp.  269-270. 

A  Prellmlnai;  Aoconnt  of  the  Marine 
Annelids  of  the  Pacific  Coast,  with 
Descriptions  of  New  Speciea.  Proc 
California  Academy  of  Sciences,  Third 
Series.  ZoSlogy,  1607,  V<^  I,  pp. 
16&-198;  flpls. 

HD^VHT   O.   JOHD  AIT  :  — 

S.B.,  Uossaohnsetta  Institute  of  Tech- 
nology, 1888 ;  Chief  Asaialant  Biologist, 
Maaaachosatta  State  Board  of  Health, 
1888-90  ;  Lecturer  in  Biology,  Hasncbu- 
setts  Institute  of  Technology,  1888-90  ; 
FoUow  fn  MorphologT,  Clark  Unl- 
veraltTt  1B90-92 ;  Phl>.,  Clark  TTnl- 
TSrslty,  1892 ;  Associate  in  Bloh^, 
Univeraity  of  Chicago,  18S3-08 ;  Instnuttor 
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In  Biology,  ibid.,  I898-S6 ;  Aadrtant  Fro- 
Umat  of  BMteriology,  OrtA^  1895-. 

AnUiar  of :  — 

FtutgocytOHifl  &iid  Immonitf,  Soiton 
Med.  and  Surg.  Jour.,  IBM,  ToL  123, 
p.  406. 

Becent  ThaoileB  on  the  FanoHon  of  the 
White  Blood-Cell.  Teehnology  Quar- 
tans, 1690,  Vo).  8,  p.  170. 

Certi^  SpeciM  of  Baeteiiia  obMrred  In 
Semge.  Report  of  tht  Mats.  State 
Board  <if  Health  on  Water  Supply  and 
Sewage,  1889-00,  Vol.  2,  p.  821. 

InTeatigAtioDi  on  Nitrification  muI  the 
NUrlfyingOrganlfflM.  (WiHiMrB. Ellen 
H.  Rich&rdB.)  /Md.,  VoL  2.  Volume 
on  Water  Supply  and  Sewage,  1890, 
p.  866. 

The  Spermatophoree  of  Diemyetjtua. 
Jour.  ofMorjth.,  Bept,  1891,  VoL  6, 
pp.  263-270. 

The  Cleavage  ot  the  Amphibian  Otuiii. 
(With  A,  C.  Eycleehyiner.)  Anat. 
Anieiger,    Bept.    15,    1892,    Vol.    7, 


The  Habits  aud  Developmeut  of  the  Nawt 
Jour,  of  MoTph.,  Maj,  1898,  VoL  8, 
pp.  270-806,  6  Plotee. 

OntbeCleavogeof  AmphibfanOra.  (With 
A.  C.  EyoleahymerO  Ibid.,  Sept, 
1891,  Vol.  9,  pp.  407-416, 1  Plate. 

The  Identiflcatioa  ot  ttie  Typhoid  Fever 
Bacillus.  Jour.  Am.  Med.  Au'it, 
Dec.  23, 1894. 

Oa  Some  Conditions  affecting  the  Be- 
haTior  of  Hie  Typhoid  Baciiloa  In 
Water.    Medical  Neuis,  Sept.  28, 1896. 

The  "Inheritance"  ol  Certain  Bacterial 
Diseases.  Cfileago  Med.  Beamier, 
Aug.,  1698,  VoL  16,  p.  82. 

The  Production  of  Fluorescent  Pigment  by 
Bacteria.  Botanical  OOMette,  Jan., 
1899,  VoL  27,  p.  10. 

lYansUtioD  of  the  Frinoiples  of  Bacteri- 
ology by  Profeaaor  F.  Hueppe.  Open 
Court  Publishing  Co.,  Chicago.   467  pp. 

The  Death-rate  from  Diphtheria  !n  the 
Laige  Citiee  of  the  United  States. 
FhOad^Ma   Med.    Jour.,   Feb.    18, 
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B.Sc,  Uuiversity  of  Nebraska,  1693;  In- 
structor in  Zoology,  ibid.,  1891-93 ;  Assist- 
ant and  Fellow  in  Biology,  Tofts  College, 
1893-95 ;  A.M.  and  Ph.D.,  Tufts  CoUege, 
1806 ;  F«Uow  tn  Biology,  Clark  Unl- 
varalty,  1895-96;  Fellow,  American 
Association  for  Uie  Adrancement  of 
Science ;  Member  of :  American  Morpho- 
logio^  Society,  American  Society  of 
Natoralista,  National  a«ogiaplilo  Society. 

Antborof : — 

The  Morphology  and  Clasriflcation  of  the 

Paoropoda.      7\(/b  Oaiiege   Studies, 

1896. 
In  the  Beglon  of  the  New  Fossil ;  Dse- 

mouellz.    American  Naturalttt,  1696. 
Formal  as  a  Preserving  Agent     Ibid., 

1865. 
The  Meaning  and  Stmeture  oI  the  So- 
called  HiiHhroom  Bodies  of  the  Heza- 

pod  Brain.    Ibid.,  1606. 
The  Bn^n  of  the  Bee.    Jovr.  Cotnp.  Neit- 

rologv,  1806. 
The  Optic  Lobe  of  Che  Bee's  Brain  in  the 

Light  of  Recent  Neurologtoal  Methods. 

1897. 
Delarvation.    American  Naturatiet,  1807. 
The  ChanognatiiH  of  Amerioan  Waters. 

Ibid. 
The  Regeneration   ot    sa   Antenna-like 

Stmctore  instead  ot  an  Eye.    IMd. 
The  BcgeoeraUon  of  the  Lena  ot  the  Eye 

ot  Tritan.    Ibid. 
Formol  or  Formalin.    Ibid. 
Effect  of  Lithium  Chloride  upon  the  De- 
velopment of  the  Frog  and  Toad  Egg. 

J&<d.,  1806. 
The   Terminology    of    the    Neorooytes. 

Setenet,  1897. 


A.B.,  Hope  College,  EoUand,  Mich., 
1880 ;  Instructor  in  Mathematics,  Notth- 
westem  ClBHslcal  Academy,  Orange  City, 
la.,  1801-02 ;  Boholar  In  MatbemaUoa, 
CtH-k  Unlvondty,  1892-93;  Fallow, 
1B93-9S ;  Instructor  in  Mathematics, 
Academy  of  Northwestern  nniversiv, 
Eranstan,   HI.,    1896-00;   Instroctot  In 
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Hathenatin,  Noitbwenem  Unlmdty, 
Gmuton,  HI.,  1806- ;  Mamb«T  of  the 
Americu  Hstbenutical  Sodetr ;  Hember 
ol  Het  WisktmdJg  Qenootaah^,  Anuter- 


B.    A.   KIRKFATRICK:  — 

B.Sc.,  Iowa  Agricoltnna  College,  IBST; 
U.Ph.,  Ibid^  1689;  SohoUr  In  Pay- 
oholog7,  Clark  ITntvandty,  1889-90  ; 
Fallow,  1890-91 1  FrofeBwir  of  Piy- 
ohology  and  Fedagogf,  State  Nonnal 
School,  Winona,  Minn.,  1B92-9T ;  Fro- 
feaeor  of  Fiycliolt^j  and  Child  Stadj, 
State  Normal  School,  Fttcfatnug,  Uaei., 
1898- ;  Member  of  Ameiloan  FBTOhologU 
cal  AjBoclatlon. 

Author  of :  — 

Obwrvatlona  on  College  Seniors  and  Eleo 

tlTva  In  F^yobologlcal  Bubjeota.    Am. 

Jour.  ofF*]/.,  April,  1890,  Vol.  3,  pp. 

168-178. 
Number  of  Words  in  an  Ordlnaiy  Vocabu- 

lary.    Bcimu,  Aug,  31, 1691,  ToL  18, 

pp.  107-108. 
How   Children   leam   to   Talk.      IbUL, 

Sept.  25, 1891,  ToL  18,  pp.  17fi-lT6. 
Mental  Images.    Ibid. ,  Oct  27, 1898,  ToL 

22,  pp.  227-230. 
An  Experimental  Stndy  of  Memoij.    Fiy- 

cAolos;ieal  Bevfote,  Nov.,  1894,  ToL  1, 

pp.  802-609. 
IndoctlTe  Psjcholt^y:   An  Introduction 

to  the  Study  of  Mental  Phenomena. 

E.  L.  Kellogg  A  Co.,  New  York,  1896. 

SOS  pp. 
Child  Stodr  in  the  Training  of  Teaohers. 

Beviwi  of  Seelewt,  Deo.,  1896,  VoL 

14,  pp.  886-892. 
Handboolc  of  Minnesota  Child-Stody  As- 

loelatlon.    James  and   Kroeger,  Wi- 
nona, Minn.,  1897.    80  pp. 
ContlnDous  Sessions  of  Schools.    RtvtttB 

of  Rtviem,  July,  1897,  ToL   16,  pp. 

190-191. 
Flay  as  a  Factor  In  Social  and  Eduoa- 

Uunal    ItetormR.    Ihid.,    Ang.,   1899, 

ToL  20,  pp.  192-166. 
Children's  Beading.  NonkvMemMonA- 

ly,  June,  1898,  ToL  8.  pp.  611-664; 


Deo.,  1808,  Jan.,  Maicb-April,  1899^ 

ToL  9,  pp.  188-191,  229-233,  SS8-SU. 
Learning  Voluntary  Movements.    Sekool 

and  Borne  Eduction,    March,   1809, 

Tol.  18,  pp.  387-344. 
The   Development   of   Voluntary  More- 

ment.     ApcAoJoirfeal    Seoiaa,    Itty, 

189B,  ToL  6,  pp.  276-281. 

MXLTOir  8.  EI8TLEB:  — 

Qradoate,  Weet  Chester,  F&.,  State  Nor- 
mal School,  1888  ;  Principal,  Hi^  ScbooL 
Honey  Brook,  Fa.,  1838-89  ;  Frincipal, 
Blaine  Nonnal  Institute,  Fa.,  1B80-90; 
Fh.B.,  DicUneon  College,  1804;  A.M., 
ibid.,  1897  ;  Fnifeiaor  of  Latin  and  Eng- 
lish, Edhiboro,  Fa.,  State  Nonnal  School, 
1894-97 ;  Scholar  In  PsdasosTt  Claik 
mdvaralty,  1897-96 ;  Teacher,  H.  T. 
City  Schocda,  1898-. 
Anthor  of : — 

JohnKnox'aServloeatoEdtioatioa.    Edif 

catUnt,  Bootou,  Mass.,  Oct  1898,  ToL 

19,  pp.  106-118. 

LUnrS  W.  KXJRB:  — 

Student,  VnlTersity  of  Virginia,  I886-8T ; 
L.L,  Feabody  Normal  College,  1889; 
Filnclpal,  Hamilton  Qrammar  Sebool, 
Houston,  Texas,  189I-9S  ;  B.S.,  Hamcd 
UnlTBTsity,  1898 ;  Boholar  in  Fsyohol- 
ogj,  Clark  Vntvaralty,  1896-97;  Fa^ 
low,  1897-98 ;  Ph.D.,  Clark  TTnlra:- 
dty,  1898  i  Honoraiy  Fallow  and 
Asalatant  In  Fsyohology,  1898-99; 
Professor  of  Fayehology  and  Pedagogy, 
State  Normal  Bohool,  Mankato,  Minn., 
1899-. 


of:  — 

Truancy  as  Related  to  the  Mlgndng  In- 
stinct Pedagogical  Semitutry,  Jan-i 
1898,  VoL  6,  pp.  881-420. 

The  Migntcry  Impulse  ts.  Lore  of  Home. 
Am,  Jour,  of  Ft)/.,  Oct.  1898,  VoL  10, 
pp.  1-81. 

Methods  in  Animal  Psychology.  iUi-t 
Jan.,  1809,  ToL  10,  pp.  260^79. 

Soggestions  iamud  a  Laboratory  Cooaa 
in  ComparatlTe  Psychology.  BMLi 
April,  1809,  Tol.  10,  pp.  399-430. 
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The  Piychology  of  Owneishlp.  (With  C. 
J.  Frutce.)  Fedagogiatl  Semiiutrji- 
(Inpiesi.) 

nUJAM  O.  KBOHH.— 

A.B.,  Western  CoUege,  188T ;  Hi.D., 
Yile  UniTentty,  1889;  Instructor  in  Phl- 
looophj  and  Psf  oholc^,  Western  Beserre 
UnWersitr,  188&-91 )  Inspecting  Fsyoho- 
logicsl  Lat>oratoriei  in  Gterman  Univeisi- 
tiea,  July,  ISSl-Feb.  1892 ;  F«Uow  In 
PayohOlogT,  Clark  ITnlTanlty,  M«rob~ 
June,  1893 ;  Profewor  of  Paycliology, 
UniveiBity  of  BUnois,  1892-97  ;  Psychol- 
ogist, minols  Bastem  Hospital,  Kanka- 
kee, m.,  1S9T-;  Editor  of  Chtld-Studu 
MorUhly. 

Lnt&or  of ;  — 

FMlllUes  in  Experimental  Psychology  at 

theYarloaaOemuuiUniveRdtlee.   At/*. 

Jour,  of  ftf.,  Aug.,  1893,  Vol.  4,  pp. 

C86-e9i. 
PMndo-Chromesthesla,  or  the  Association 

of  Colors  wlUk  Words,  Letters,  and 

Sounds.    Ibid.,  Oct.,  1892,  Vol.  6,  pp. 

20-41. 
An  EzperimsDtsl  Study  of  Simultaneous 

BUmulatton  of  the  Sense  of  Toaah. 

Jour,  of  Nenoiu  and  Mental  Diteam, 

Handi,  1898 ;  N.  8.,  VoL  18,  pp.  ISfr- 

184. 
Practical  Lessons  In  Psyoliology.     The 

Wener  Co.,  Cliloago  and  New  York. 

400  pp. 
Labontory  P^chology  as  applied  to  the 

Stadj  of  Insanity.    AyeMoter,  VoL  1, 

No.  1. 
Hloor  Mental  Ahnormalltles  in  Chlldien 

as  occasioned  by  Certain  Etroneons 

School Metliods.    Froc.If.E.A.,\tl&i, 

pp.  102-172. 


B.A.,  Amherst  College,  1885;  M.A., 
IMd.  1888  ;  Teacher,  Elocution  and  Fhys- 
icBl  Culture,  Williston  Semlnaiy,  East- 
hompton.  Mass.,  1686-86 ;  Stttdent, 
Auburn  Theologleal  Seminary,  1S8&-8T  ; 
Teacher,  Physical  Culture,  Latin,  and 
German,  Morgan  Park  Hilllary  Aoadsn^, 


1887-88 ;  Student,  Chicago  Baptist  Semi- 
nary, 1887-88 ;  Student,  AndoTer  Theo< 
logical  Seminary,  1888-89;  BJ>.,  jAM., 
1889;  Pastor,  Congregational  Chuioh, 
Asht7,  Mass.,  1889-90;  Principal,  South- 
ern Kansas  Academy,  1890-96 ;  Sohtdw 
la  Fayohologr,  Clark  UnlTerslty, 
189S-96;  FSUow,  1896-97;  PtiJ}., 
Clark  UnlTanitY,  1897  ;  Instructor  in 
Hiilosophy  and  Pedagogy,  and  President's 
Assistant,  Colorado  Collie,  1897-98; 
Assistant  Professor,  Gtid.,  18B8-. 
Antboi  of :  — 

Psychology  and  Pedagogy  of  Adolescence. 

Ptdugogiaa    Beminarfi,   July,    1867, 

Vol.  6,  pp.  61-128. 
Warming  Up.     Colorado  Collefft  StvdUt, 

Nov.,  1896,  Vol.  7,  pp.  16-29. 

JAMBB   STEFHIIN   LEUON:  — 

B.A.,  WesleyanDnlTersity,  1803;  M.A., 
Ofid.,  1866;  Principal  of  Hl^  School, 
Brownvllle,  Hew  York,  1862;  Assistant  on 
HcClintock  and  Strong's  Oyelopadia  of 
BiblSeai,  Theologieal,  and  EceletiaiUeal 
Literature,  1869-01 ;  Assistant  on  Strong's 
Ootuordanee  of  the  Ba>U,  1869-66 ;  Fn>- 
f e«tor  of  Physics,  Marion,  N.  T. ,  Institute, 
1868-66 ;  Principal,  Almond  CoUegUte  In- 
stitute, 18ea ;  Prlnoipal,  Macedon,  N.  Y., 
Academy,  1807 ;  Reotoi,  Protestant  Bpis- 
oopal  Church,  1877-;  Sobolar  In  Fsy- 
ohology,  CUifc  nnfreraity,  1891-93; 
Student  In  Payoliolog7,1693-M;  Lec- 
turer in  Psychophysics,  Columbian  Uni- 
verslty,  Washington,  D.  C,  1894-;  Ph.D., 
Columbian  Univenity,  1896;  Lecturer 
in  Physiological  Psychology,  Howard 
UnlTereity,  1897- ;  Member  Society  (or 
PhilcflopliicBl  Inquiry,  WsehiugtoD.D.C; 
Member  Ameilcaa  Anthropological  So- 
ciety. 
Anthor  of:  — 

Signalling  by  Flashllf^ts.  Troy,  Pa.,  1874. 

10  pp. 
Hie  Body  ConMdered  in  Its  Belaticat  totlis 

Intellectuai  Prooessea.   Union  gptiuga, 

N.Y.,ie75. 
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]>efMitiTes,  etc,  admitted  to  Cottage 
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flTOlikBaectaaft&eWwtheE.  Am.J«vr. 
qfPiS.,  Jul,  ISM,  VoL  e,pp.  377-811. 

Seqniremeiita  Denutmled  for  OfScial  It«o- 
ognlUon  uTeachen.  Temptatan^M*, 
Teaqiletoa,  Mass.,  ISoa   ISfp. 

Tbt  Skin  considered  as  an  Oi^n  of  Sensa- 
tion. Jounul  PobUshlng  Co.,  Oaidner, 
UuB.,  18Q8.    77  pp. 

The  Weatitei  Idea.  Joomal  Pobllshing 
Co.,  Oardner,  HaM.,  1S89.    ao  pp. 

Nomerons  levlews  and  articles  In  HeaUhf 
-Bbtne,  Cottager,  and  Nationai  Tribime, 
1S80-. 

JAMBB  B.  liEROaSiairOIi:  — 

B.A.,MoQmniiiTen!ty,ie6S;  Taaeherin 
Berthelet  Boliool,  Montreal,  1B8S-S9 ;  Sto- 
dent  Id  PUlosopby,  Unlrenitf  of  T^iprig 
1880-92;  Ph.D.,  UulveTslty  of  Leipzig, 
1BQ2;  FalIowlnFi7obolosT>ClarkUiil- 
▼mdty,  May-Jnly,  1892 ;  Profweoi  of 
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Athens,  1892-M ;  Prof  easoT  of  History  and 
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18M-;  Member  of:  American  Eoonomio 
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torical AModatlon. 
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The  EthlMl  FhiloiKipliyof  Samuel  Clarke. 

Q.  Ereyalng,  Leipslg,  1892.    97  pp. 
The  Training  of  Animals.    Am.  Jovr.  of 
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Malevolence  intheLower  Animals.    Ohio 
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On  Certain  CoUn  dtma.    TUd.,  1800,?. 

16. 
niB  ElUptio  Fnuotioaa  Defined  Ind^en- 

dmOj  of  Uu  Calonlna.    IbO.,  1801, 

pp.  48-81. 

BLWYH   N.  LOVUWULLi  — 

Fb.B.,  UnlTsrsi^  of  Vermont,  1898 
(Double  Bonon) ;  Boholai  In  Uathe- 
tnaUoB,  CUik  PnlTWilty,  1898-99. 
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A  Stody  of  Clilldren's  Dnwlnge  in  the 
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A  Sehool-Qarden  In  lliarlngla.    Educa- 

ttonal  Beview,  March,  1899,  VoL  IT, 

n>.  237-241. 
Mental  Fatigue.    Am.  Fhyt.  Ed.  Bevien, 

Haioh  and  Jane,  1899,  VoL  4,  pp. 
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Student,  UnlTeralty  of  Toronto,  180S-9i ; 
Lecturer  In  Hathematica  and  Fhyaica, 
Toronto  Technical  School,  1804-06;  B.S., 
University  of  Toronto  (School  of  Practical 
Science),  1806. 

J.   PIiATFAIB  MoHDBBICH :  — 

B.  A.,  University  of  Toronto,  1879 ;  M.A., 
aid.,  1882;  Assistant  In  Biologi(»l  Lab- 
oratory, aid.,  1880-81 ;  Profanor  of  Biol- 
ogy, Ontario  Agriooltoral  College,  1883-84; 
Instructor  in  Osteology,  Johns  Hopkins 
Unlvertity,  1884-86;  Ph.D.,  Johns  Bop- 
kins  Univentty,  1886 ;  Profeeaor  of  Biology, 
Haverfoid  Coll^^,  1880-89;  Dooont  la 
Morphology,  Clark  UrdTOrslty,  1889- 
91;  Asstofnt  FTofBsaor,  1891-93; 
Professor  of  Biology,  University  of  Cin- 
dnnaU,  1892-94 ;  Profeesor  of  Anatomy, 
Univetdty  of  Michigan,  1894-. 

Anthorof  :— 

On  the  Origin  of  the  So-oaUed  Test-oella  in 
the  Aaoidian  Ovum.  AudtM  flwn 
Biol.  Lab.  J.  S.  r.,  1883,  Vol.  2.  Ab- 
MtnainBioLChTaraiblatt,  1882,  VoL  2; 
jlreft.d«ZooL tap.  Mfjn.,  1882, VoL  ID. 

Note  cm  the  Function  of  the  "  Test«ells" 
in  Aacldian  Ova.  Z(Kil..^niiBf?er,lS82, 
VoL  5.  Abstract  in  (TiMtr.  Boy.  Mioroi. 
Soc,  1882,  Vol  2. 

On  the  Oateolt^  and  Development  of 
Syngnathna  peokianus  (Storer), 
Quart.  Jour.  Mttro*.  Sd.,  1683,  VoL 
S8.    Abstract  ia  J.  Si  U.  Otrcular, 

1883,  No.  37. 
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md.,  1890 ;  Adjunct  Profeosor  ot  Physlca 
And  Biology,  Raudolph-Uacon  College, 
1867-61 ;  Gntdnate  Student  Mid  Scholar, 
JoIuiB  Hopkins  Unlvenlty,  1891-94 ;  Fal- 
lo^v  In  Vbjtiom,  Claik  Untvwd^, 
1894-96;  ProfoMOr  of  HaUieniatlcs, 
Btat«  Nonul  School,  Hew  Falts,  N.  T., 
1896-97;  Fallow  Id  PhT^os,  Cluk 
Volvanltr,  1097-96. 
Aotbor  of: — 

A  Double  Instnunent  ind  ft  Double 
Method  for  the  HMBOtement  of 
Soond.  BdanM,  June  9,  18W,  N.  B., 
Vol.  9,  pp.  808-811. 
An  AdTsnoe  in  MeMoring  and  Photo- 
graphing Sonndo.  U.  S.  WeUher  Bu- 
TBMi,  No.  20S,  Wuhlngton,  D.  C, 
1899.     18  pp.,  7  idc 

jomr  a  shaw:— 

Omdoate,  State  Normal  School,  Valimont, 
W.  V«.,  laSO;  Prlnelpal  ot  Graded 
SchooU,  Paw  Paw,  W.  Va.,  1889-80; 
B.8.,  nnlTenlt7  of  Maahvlll*,  leOS  ;  H.S., 
tbid.,  1894  ;  L.L,  Peabodf  Noimal  Col- 
lege, KaahTille,  1808 ;  Principal  of  Public 
School,  DooglaMvllle,  Tex.,  1S93-91; 
Teacher  of  Mathematlca,  Harriull  Col- 
l^;e,  1894-96;  Sebolw  In  Padagocr, 
Clwk  ITnlTWBlty,  1895-86;  Fallow 
In  P^reliokiir,  1S96-9T;  Teacher  in 
SUte  Normal  School,  Wert  Llbertr,  W. 
Va.,  I897-. 
Author  ol: — 

Chain  of  Pedagogy  fn  the  United  States. 

W.  Va.  Sekool  Journal,  April,  Hay, 

and  Jnne,  1896. 
A  Teat  of  Memory  la  School  Children. 

PtdagogiMl  Beminary,  Oct.,  1896, VoL 

4,  pp.  61-78. 
What  ChUdren  like  to  Bead.     W.  Va. 

School  Jtntrnal,  Charieeton,  W.  Va., 

Oct.,  1897,  V<d.  17,  pp.  6-6. 


A.B.,  Stanfottl  UniTereity,  1806;  A.H., 
Ibid,  1897  ;  Inetiuctor  In  Department  of 
Education,  ibid.,  1696-07;  Fallow  and 
Aaalatant  In  Padagogy,  Cladt  thdror- 
altr,  1897-99. 

Anthor  of :  — 

The  Instltntioaal  AcUvlUea  of  American 
Children.  Am.  Jour,  of  Ay.,  July, 
1808,  VoL  9,  pp.  426-448. 


A.B.,  UnlverBlty  of  Wchlgan,  1887; 
Prindpal  of  Berrien  Springs,  Uloh., 
School,  I88T-8S;  Principal  of  Charlotte, 
Blloh.,  El^  School,  1888-89;  Principal 
of  Bay  aty,  Hich.,  High  School,  1B80- 
91;  Unlversltiea  of  Benin  and  Leipdg, 
1894-07;  Ph.D.,  Unlvendty  of  Leiprig, 
1897 ;  Profeaaor  of  Psychology  and  Peda- 
gogy, State  Normal  School,  Oshkoab, 
Wle.,  1807-88;  Honoraiy  Fellow  In 
FBTohologT,  dark  UnlTaralty,  Oct- 
Hot.  ,  1898 ;  Lecturer  In  History  of  Eda- 
oation.  Teachers  C^cse,  Colnmbla  Unl- 
Tersity,  Dec.,  180B-June,  1809;  AMlataut 
in  Latin,  Eraamoa  Hall  High  School, 
Brooklyn,  N.  T.,  1880-. 

Atlthor  of:  — 

Ueber  das  Pniklnje'eohe  PhUaomen  im 
Centrum  derNetzhant  PhdotopAfcche 
•Shulien,  1807,  Vol.  18,  jip.  484-470. 


Graduate,  Hl^r  Nonnal  School,  Tokio, 
Japan  ;  Graduate  Student  In  United  States 
and  Europe,  1888-91 ;  B<morai7  Bohelar 
In  FadacOfT,  C3ark  umvanlty,  1889- 
90 ;  Profeaaor  In  Higher  Normal  School, 
ToUo,  Japan,  1801-. 

LOUIS  8IFF:  — 

8.B.,  Cornell  Unlreralty  (Special  Mention 
inBlatbeniatics),180T;  Graduate  Student, 
Johns  EopklDS  University,  Oct,  1807- 
Feb.,  1808;  Boholar  Id  Matbematloa, 
Clark  UnlTCralty,  1898-99 ;  Teaching 
Fellow  In  Mathematics,  Unlveirity  ot  Ne- 
biaahB,  1808-. 
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A.B.,  Ohio  Unlreniltj,  IBSBi  PioteMor 
of  HatbenuitlGS,  Amity  College,  CoUisb 
SpriDgB,lB.,18a»^l;  BoholarlnMatlw- 
luUca,  CUik  niiim«lt7,  1891-92; 
Inatnictor  In  Matbematlci,  UnWenlty  of 
WiscoDun,  1892-96;  AaalstMit  FrofeBSor, 
Ihii.,  1895-1  Member  Amerioan  MaOke- 
matlcal  Society. 

0THPHBIT   E.  BLOCUIC:  — 

B.E. ,  Uoloa  nnlvenity  (Honon  in  Hatlw- 
nuitica  and  Phyncs),  1897  ;  Boholar 
In  MathaiwtlcB,  Cl«rk  VtAwtaAtf, 
1B97-98 ;  Frilow,  1898-99. 

Antbor  of :  — 

Hote  on  the  Chief  Theorem  of  Lie't 
Tbeoiy  of  Conttnoons  Gioapi,  Fnc 
Am.  Aead,    (In  praw.) 


GnduAte,  Indiana  State  Normal  School, 
1889 ;  Supervising  Principal  of  Schools, 
Elroy,  Win.,  1880-91 ;  UniTeraity  of  Wta- 
ConsiQ,  1891-98;  B.S.,  ibid.,  189S;  Fal- 
loir  in  Biology,  Clarlc  Unlveidty, 
1893-96;  Ph.D.,  Cluk  UnlvanitT, 
1896 ;  InaDnctoi  In  ZoOlogy,  Indiana 
UnlTenlty,  1806- ;  Member  Indiana 
Academy  of  Soienoe. 

Anthot  of:  — 

A  Comparative  Stndy  of   the  VfAat  of 

Aoate    Vlalon    in    the    Tertebntea. 

Amertean  JVodiralM,  Jan.,  1806,  Vol 

SO,  pp.  24-83. 
A  Comparative  Stndy  of   the  Area   of 

Acute  Vision  in  Vertebrates.    Jour. 

0/  Morph.,  May,  189T,  VoL   18,  pp. 

446-602. 
The  Fovea.    Froc.  Ittd,  Aead.  of  SeteHce, 

1806,  pp.  804-310. 
A  Method  of   Preserving   the   Eye   for 

SecUonlog,  or  for  Demoiistiatliig  the 

Area    of    Aeate    Viidon.      Jow.    of 

.^plUd  JTterDKopv,  Feb.,  1608,  VoL 

1,  p.  18. 
Ibe  Eye  of   the    Mammoth  Cave    Bat. 

Pnc  7ml  Aaii.  of  Science,  1808, 


MAURICB  H.  BMAU.:  — 

A3.,  Colby  UniveiBlty,  1B8T ;  FrindpftI, 
High  School,  Norway,  Me.,  1887-92  ; 
ibid.,  Weetbrook,  Me.,  1892-05;  Boholar 
In  PaycholoKr,  CUuk  Unlvwlty, 
ia9S-96  ;  Fallow,  1896-98  ;  Prin- 
cipal Hi^  School,  Passaic,  N.  J.,  1896-. 
Author  of:  — 

The  Su^eatlblUty  of  ChOdivn.  Peda- 
gogUxa  SemiwttTi,  Dec.,  1806,  VoL  4, 
pp.  1T6-220. 
Methods  of  manlfeating  the  Instinct  for 
Certainty.  Ibid.,  Jan.,  1808,  VoL  &, 
pp.  S1S-S80. 
An  Experiment  borrowed  from  the  School- 
room. NoTthwe^en  MontMy,  Ifov., 
1898,  Vol.  0,  pp.  134-186. 

WIZ.Z.ARD   BTAmrOir  ailAZJ.:  — 

A.B.,  Tnfta  College,  1804  ;  A.M.,  ibid., 
1897;  Tofts  Divinity  School,  18e4-«6; 
Professor  of  Engltah  Langoage  and  Lit- 
erature, Lombard  nniveraity,  1806-07; 
Scholar  In  FayoboloKT,  Claik  Uni- 
varalty,  1897^8;  Fallow,  1898-99. 

of:  — 
FriedrichNietnohe(Beview).    F^dagoi/t- 

eal    8emtnary,    April,   1S98,  Vol.  6, 

pp.  606-810. 
Note  on  the  Psyehlc  Development  of  the 

Tomtg  White  Rat.    Ant.  Jow.  (ff  Pi^,, 

Oct,  1809,  Vol  n,  pp.  80-100. 


A.B.,  Bowdoht  College,  ISOO ;  Instroetor 
Leicester  Academy,  Leicester,  Mass., 
1890-91 ;  Boholar  In  Chomiatzr,  Clark 
UniTaralty,  1891-92  ;  Felloiv  in  Chem< 
Istry,  nnlvenity  of  Chicago,  1802-04; 
Ph.D.,  ibid.,  1894 ;  Anirtant  in  Chemiatry, 
Bovdoln  College,  1894-96 ;  Instructor  in 
Science,  New  Bedford  High  School,  1896- 
06 1  Inatmctor  in  charge  Department  of 
Chemistiy,  Lewis  Institute,  Chicago,  HL, 
1806-. 
Author  of :  — 

On  the  Addition  Product*  of  the  Aro- 
matic Isocyanides.  Am.  Chem.  Jour., 
May,  1894,  VoL  16,  pp.  372-893. 
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HUOH  A.    BNBPP:  — 

A.B.,  HeldellMrg  College,  1893 ;  Prfnei- 
p»l,  High  School,  Oermuktown,  O.,  ISQS- 
94;  Tntoi  in  Uatbematlca,  Heidelberg 
CoUege,  1S91-05;  SohoUr  In  Hatlw- 
m&tlo*,  Claik  Unl'mBlt7,  lB93-~96; 
InatiuctOT  in  Matbeioatlcs  and  Science, 
High  Schtxil,  Ilffin,  O.,  1696-98 ;  Student 
in  Mothematici,  UniTerslly  of  Chicago, 
Summer  Quartet,  1897. 

FHANK  XL  BPADIiDINO:  — 

A.B.,  Amhent  Collie,  18S9;  bstnictor, 
UlUlaiy  AMdeniy,  Loularille,  Ey.,  1SB9~ 
90 ;  Iiutraotor  and  Aaaodau  Principal, 
fMd.,  1890-91 ;  Student  in  UnlvenlUM  of 
Leipzig,  Futa,  and  Berlin,  1891-94; 
Fb.D.,  Unlvenitr  o(  Leiptlg,  ISM; 
HononiT  FaDow  In  Pay<diolocrt 
CUtk  Unlvonl^,  Oct.,  ISSt-May, 
189S ;  Superintendent  of  Schools,  Ware, 
Maaa.,  Hay,  1895- Jane,  1897;  Snperio- 
tendent  of  Sdioola,  Paaaalo,  N.  J.,  Sep- 
tember, 1897- ;  Prealdent,  New  Jenef 
Aaaoclation  for  the  Stodjr  of  Children  and 
Touth,  1890. 

Antlior  of: — 

Btohard  Comberiaad  ala  B^rflnder  der 

Engtiaohen  EOilk.    Ldpdg,  1894.    xlL 

+ 101  M). 
He  Prorlnce  of  the  Elementary  School 

Jour,  of  FuA^oft,  Sept.,  1896,  VoL  9, 

pp.  129-187. 
Mental    Images.     Edneatkmal   FOvMda- 

tkmt,  Sept.,  1897,  Vol.  9,  pp.  16-81. 
Ttie  Dynamlca  of  Mental  Imagei.    /MdL, 

OoL,  1897,  Vol.  0,  pp.  66-70. 
SonM  Payohla  Frooaaaea  involved  in  Bead- 
ing.   Jbtd.,  Hot.,  1687,  VoL  9,  pp.  180- 

187. 
Tbe   Fiychology   of   BefactiTe  Beading. 

IfM.,  Dec.,  1807,  pp.  194-401. 
Mental  Economy  In  Beading.    7Mi.,Jan., 

1898,  VoL  9,  pp.  267-862. 
Aychle   Aapacta  of  Learning   to   Bead. 

Ihii.,   Feb.,    1898,  Vol.  0,  pp.  847- 

868. 
Prerendng    and    Correcting     Defeotiva 

BMullng.    Ibid.,  March,  1898,  VoL  9, 

W.88»-89& 


What  can  One  Bead  P   JMd.,  April,  1808, 

Vol  9,  pp.  614-620. 
Psychology  in  Geography.     ZMd.,  May 

and  June,  1808,  VoL  9,  pp.  e73-e77, 

619-626. 
Hie  Elementary  Character  of  Beoondary 

Education.    Jowr.  of  Fedagon,  Jan., 

1899,  VoL  12,  pp.  11-24. 
Immediate  Educational  Work.     Annual 

BtpoTt,  Supl.  of  BAooU,  Ware,  Matt., 

Feb.  1,  1896,  pp.  17-22. 
EdDoatlonal  Policy  and  Alma.    IMd.,  Feb. 

1,  1897,  pp.  14-32. 
The  Conne  of  Study ;  Oiadlng  and  Pro- 
motion, etc    Annual  B^mrt,   8v]4. 

of  Setutott,  Pttaia,  N.  J.,  1807-98,  pp. 

9-64. 

BDWm  D.   BTABBUCK:  — 

AB.,  Indiana  nnlTereity,  1880 ;  Teacher 
of  Uathematlca  and  Latin,  ^^loeland, 
Ind.  Academy,  1890-91 ;  Teachei  of 
Mathematlca,Vlncennes  College,  1891-93.; 
Student  in  Pajchology,  Harvard  UniTer- 
alty,  189&-96;  A.B.,  Old.;  1804;  A.M., 
ibid.,  1896;  Fallow  in  FaTohologTi 
Glark  Uolmnitr,  1B9S-97 ;  Pb.D., 
ClMk  Unlvardtr,  1897 ;  Aaalatant  Pro- 
teaaor  of  Education,  Stanford  UniTeraity, 


A  Btudy  of  Converalon.  Am.  Jour,  of 
FIJI;  JtU)^.  18^.  VoL  8,  pp.  288-308. 

Some  Aqieeta of  BeUglona Growth.  Ibtd., 
Oct.,  1807,  VoL  9,  pp.  70-134. 

Child  Study  and  Ita  FoaalblUty  aa  a  Sd- 
enoa.  IforOueeatem  MonMy,  March- 
April,  1890,  VoL  9,  pp.  S68-SeB. 

Paychology  of  Bellglon.  With  an  Intro- 
dootion  by  Profeaaor  William  Jamea, 
Conietuporary  SeUnee  BeritM.  (In 
preaa.) 

OBLAinX)  B.   BTBTSOIT:  — 

Woroeater  Polytechnic  Inatitate,  1S96-M ; 
Mathemattoa,  Claxk  Unl- 


COLIN  O.    STEWART:  — 

B.A,    Unlverdty     of     Toronto,     ISM; 
Phralologr,  OlMik   ViA- 
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veralty,  1894-9S;  Fallow,  1895-97; 
Ph.  D.,   Clark  UnlTCnltr,  1B97  ; 

•IsUnt  in  Physiology,  H&rvnrd  Uedical 
Sohool,  1897-C6  i  Tutor  In  Fliyaiology, 
ColumbU  UniTeiuty,  1698- ;  Member 
American  Ptkysiologicftl  Sode^. 

Antboi  of:  — 

Tbe  Influence  of  Acute  Akohol  Poieonlng 
on  Nerve  Celle.  Jour,  of  Bjf.  Medi- 
etnt,  Nov.,  18B6,  Tal.  1,  pp.  623-029. 

Varietlona  In  Daily  AcUvlty  pioduoed  by 
Alcohol  and  by  Change*  In  Borometrto 
Prewnre  and  Diet,  with  a  Description 
of  Keoordlng  Methods.  Aai.  Jour,  o, 
TkfMon,  Jan.,  1898,  VoL  1,  pp.  40- 
66. 

On  the  Coane  of  ImpoLwa  to  and  from 
the  Cat'a  Bladder.  Ibid.,  Jan.,  18W, 
Vol.  8,  pp.  183-203. 

A  Shnple  Etherizing  Bottle.  Ihtd.  (Ptoc 
Am.  PhydoL  Soc.,  Dec,  1898),  VoL  3, 
p-x. 

The  Relaxation  of  the  Cat'a  Bladder. 
Ibid^  Aug.,  1899,  Vol.  S,  pp.  1-S. 

JULZna  BTIBaLITZ:  — 

University  of  Berlin,  1SS6-89 ;  UnlTersity 
of  GiJttingen,  1888;  Ph.D.,  DniYersity  of 
Berlin,  1889;  Soholai  In  CliamlaUy, 
Claik  Unlveralty,  JuL-Jnoa,  1890 ; 
Chemist,  Parke,  Davli  &  Co.,  Detroit, 
Mich.,  1890-02;  Dooent  In  Chemlgtry, 
Unlvenity  of  Chicago,  1892-03 ;  AasUtant 
ht  Chemistry,  Otid.,  1893-01:  Instructor 
In  Oiemlstry,  ibid.,  1894-97;  Aedatant 
PnrfesBor  In  Chemistry,  Oiid.,  1897- ;  1 
low  of  the  American  Association  Advance- 
ment of  Science;  Member,  Deutsche 
Chemlache  OeaellBchaft 

Aatlior  of: — 

Ueber   das    Verhalten    der    Amidozime 

gegen  DiazobemolTerblndongen.  Bar, 

d.  deiU*.  <Aem.  OtaalUcAaJl,  18B0,VoL 

22,  pp.  8148-3160. 
On  Benzoqulnone  Carbozylio  Acids.    Am. 

Ohtm.  Jour.,  1891,  Vol.  13,  pp.  38-42. 
Al^aloidwertbeitlmmung  von  EKtrakten, 

TfutrmaeevttMhe  Bnndtehau,  1892 1 

180S,  8  papers. 


Ferrio  Phosphate,  U.  8.  P.,  and  Terrlo 
Pyrophosphate,  U.  8.  P.  Jownal  of 
FfuKrmaeg,  1891. 

Notes  on  Fyrophoepliorie  and  Phoei^oric 
Add.    Ibid.,  1891. 

DerivatlTes  of  Nitrogen  Halogen  Com- 
poonds.  (With  F.  Lengfeld.)  Am. 
CKem.  Jour.,  1893,  Vol.  16,  pp.  215- 
222,  604-618  ;  Vol.  16,  pp.  370-S73. 

Tim  Action  of  Pliosphoroe  Pentachloride 
on  Urethanes.  (With  F.  Lengfeld.) 
P>id.,  1804,  VoL  16,  pp.  70-78. 

Ueber Alkjlisohamstofle.  (WithF.Leng- 
feld.)  Ber.  d.  dew>.  ehem.  OftU- 
tchafl,  1894,  VoL  27,  pp.  926-027. 

TJebei  die  Elnwirlcung  tod  Natrinm- 
WhyiatsoICarbodiphenyllmld.  /Ud., 
1896,  VoL  28,  pp.  673-574. 

Ueber  lUamlne.  (With  F.  Lengfeld.) 
Iba.,  1895,  V(d.  28,  pp.  676-576, 2742- 
2744. 

Onlmidoethersof  Carbonic  Acid.  (With 
F.  Lengfeld.)  An.  Chtm.  Jour.,  1896, 
Vol  17,  pfi.  96-118. 

On  the  "Beckmann  Rearrangement." 
Ibid.,  1896,  VoL  18,  VP-  761-761. 

On  the  ConstitotlDD  of  the  Salts  of  Imldo- 
etheis  and  other  Carbhnlde  Deriva- 
tives. /Ud.,  1609,  VoL  21,  pp.  101- 
111. 


Iowa  Agrfcultural  College,  1884-86 ;  Prin- 
cipal, Poplar  OroTB  Institute,  Ark.,  1889- 
00;  Instructor  in  PbyalcB  and  Mathematics, 
Paris  Academy,  Ark.,  1890-02 ;  Soholar 
ta  MktlMiiiatlos,  Claik  TTnlTaiMlty, 
1892-93 ;  Fallow,  1893-99. 

WHLIAM   E.   STORT:  — 

A.B.,  Harvard  Univenity,  1871 ;  Parker 
Fellow,  UM.,  1874-76;  Unlvenltlea  of 
Berlin  and  Ldprig,  1871-76;  Ph.D., 
University  of  Leipzig,  1876;  Tutor  of 
Mathematics,  Harvard  University,  1876- 
70;  Aaociate,  Assistant  Profeasor,  and 
Associate  Professor  of  Mathematics, 
Johns  HopkinB  Unlvereity,  1876-89  ;  As- 
sociate Editor  in  Charge,  Amerfean  Jour- 
nat  of  JroIAematfe*,  1878-82 ;  Profeaaot 
ol    MatbamatlOB,    Claik   mdrandtT, 
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Editor,    JfiitA«tiuiticaI   B»viev), 


Antbor  of:  — 

On  the  Algebraic  Relations  odMlng  be- 
tween the  Polan  of  a  BlnuT  Quuitlo. 

DUsertation  approved  for  the  d^ree  of 

Fh.D.,  Leipzig,  1876.    68  pp. 
On  the  Elastic  Potential  of  CrfBtftlt.    Am. 

Jour.  0/  Jfott.,  1878,  VoL  1,  pp.  177- 

163. 
Note  on  Mr.  Kempe'a  Paper  on  the  Oeo- 

grapbical  Problem  of  the  f  onr  Cobra. 

Ibid.,  1878,  Vol.  2,  pp.  201-^04. 
Note  on  the  "16  "  Fnzzle.    JHd.,  1870, 

Vol.  2,  pp.  39e-«M. 
On  the  Theory  of  Rational  DeriTBtion  on  a 

Cubic  Curve  (followed  by  a  Kote  on 

Totients).    Ibid.,    1880,  VoL   S,  pp. 

866-387. 
On    tbs    Non-Eoclidean   Trigonometiy. 

Ibid.,  1881,  Vol.  4,  pp.  3S2-SSe. 
On  the  Non-Eaolidean  Geometry.     Ibid., 

1882,  Vol.  6,  pp.  180-211. 
On  Kon -Euclidean  Propertiea  of  Conies. 

Ibid.,  1B82,  Vol.  6,  pp.  368-881. 
On  the  Abaolute  Claaslf  cation  of  Quadratic 

Loci,  and  on  theli  Intersections  with 

each    other   and   with    Linear   LocL 

Ibid.,  1886,  Vol.  7,  pp.  322-246. 
The  Addition-Theorem  for  Elliptic  Fnno- 

tlons.    Ibid.,  1686,  Vol.  6,  pp.  Se4- 

876. 
A  Kew  Method  In   Analytic  Oeometiy. 

Ibid.,  1667,  Vol.  9,  pp.  38-44. 
On  the  Covariants  of  a  System  of  Qnan- 

tics.    Math.  AniuOen,  1893,  Vol.  41, 

pp.  460-100. 
On  an  Operator  that  prodnces  all  the  Co- 

variantB  and  Invariante  of  any  System 

of   QuaDtlcs.     Proe.    London  Math. 

Soc,  1802,  Vol.  23,  pp.  285-272. 
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